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« ii M'TI I I \ 


W HIM, Tiil I IM- XH ( ( o, i|lnui l n , NT . 

BO. Ba c tors Go v erning Md tive Orientation 


< H \ PH 1 NT 


ln St ' r '“ Ph " t0 "“ etr "' a I 1 otvance has to be trade for the effect of the ele- 
-its of relative or.entat.on on the hori.ont.l parallax difference. To do so these 

"* nlS mUS ' b ° UnderStOOH - * — -V (see Sect.:*,, the elements of 

relative orientation of a print are identified as the three linear coordinates X, , 

S fr ° m tK '’ Cente ' r of f ro .l p ttion , projections of the angles of tilt J( and . 

optical axis of the camera, relative to the plane coordinates, and of the an- 

denot.ng the rotation of the print about the optical axis of the camera. A 

total of 12 elements of exterior orient » l 

orientation must be known for each two prints, ,.e. ( 

the val ues 

‘ ^ S i' 7 s i’ x *r *>■ * i Vs.. v s • 


poss 1 b 1 e to 


" '' ,S,ead ,h? nt.one.t values f„r the second print. ,, 

'• -Heir Hi fference relative to tne first , r spec 1 f i ca 1 I v , the 


rxnowiPK r he elements of exterior 


the differences described ah. 
the second phot osrrar h . 


orientation for r he f xrs t photograph and 


if is simple to tie te mine the „ r .k 


run*n lements for 


‘ ) 
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sec, tbe P U« of b oU Photographs along rectilinear „ ^ 

VCrtlCa ' * lU ^ ^ ‘ — mate ^tem. The 

° f anv P°* nc ' on the area surface .,11 


appear at point a, on the left photograph 
and at point a., on the right one. Then 
drop a perpendicular from points A, a,, 
and a 2 to the corresponding abscissa ax- 
»S. The foot points of these perpendi- 
culars .,11 be points A’, aj, and a ;. It 
is obv.ous that the triangles Sl a,a, 
and -S,A'A as .ell as S.af.a, and S, A ’A 
are similar ,n »,e. of the fact that the 
lines a | a j , a 2 aj and AA ' are parallel. 

Kron, the similar, ty of the triangles it 
follows that 



'Kll i 



1 1 f • 1 s 0 - Ordinate V.| ue , of Corre- 
a pond inp Points at Hon 
zon t a ] Photographic Base 


>.c., the ordinates o. points a, ana are e^al. 

shifts b'V 1 " ^ d,St “ Ce ^ — «r flection, or bv 

photoRrapha - - — - - . nd H 

the valiirs nf t k-n. , ^ iioarypr , 

ordinates themselves mav change This cor-- A 

... 

the base Imp ,Urfl 4 atxiut 

' ‘ V ' ,,11< -rent result ,s ohta.nel ,f ,x 

ffraph is changed ,e ,f, h , - 1 - „ , „n o f on U one pho, o- 

!et us x P ° S,t,nn ° f ,h ' Photographs „ disturbed 

us assume that (F Ilf ] ^ ] > t ^ ~ a 

■»d the area -lane have ' e " ,OB ° ? ^ ^ »' ^ ^olographs 

■ have_.nea,hes W . but, nattier, gt,._er of pro., en, on 
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i 

H- d. .mi.,., *. 

“ °' A '* “ - 1 ' “ V* •• «.» determine th. 


A' A 

— = 


A ' A 

IT 


SinL H- is not equal to H . then y' is „ot equal to y and> therefore , 


y-y' - q -= 


*H ' -H) 


‘ ~ Bz 

s-il.rly. the ordinate point. „ 2 of y . >iu ch . nge , the ^ of 

section i. shifted along the YY of the area , ot if the right print i a tilted 

j,/7IjCAm thrOU8h the * n * le * -2 • nd rotated 

L through an .ngle x 2 . Therefore, the 

L ' / thenge in position of one photograph 

/ * relative to the other, i.e. , the change 

■\ j ,n the,r relative orientation, will dis- 

H\ f ' U turb the eq«*«iity of the ordinates of 

; \ \ J j 1 th * corresponding points for the two 

/ j \ jJ/> ! 7 Ph ° t08r * Pha - discrepancy between 

f ^j/r- I yX the ordinates for the corresponding 

^ " points of the two prints is known as 

F*e. 151 - Ordin.te Values of Corre- transverse parallax. The phenoamnon of 

spondinjr Points at a 

Tilted Base ransverse parallax in plan surveying 

occurs whenever proper relative orient.- 


F ‘*‘ 1 51 * Ordinate Values of Corre- 
sponding Points at a 
Tilted Base 

tion is not Maintained. 


of relat 


uue to the fact that the extent of transverse parallax depends on the elements 
' l ” 'i >i to doiornino tho ..loo „f th..;. ,| w , u h. 


u 
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measuring the t. r 


orizontal parallax of points had to be measured to determine their differ- 

“ ■■ .. ....... »..» .„ d K „,. 

«, as wel. as the linear coordinates of points for photogrammetric in- 
terpretation of aerial photographs. 


82. Stcreocomparator 


• hTh" eMUre " ent ° f 1,n * ,r COOrdin * t,J * ° f P ° int » °» * Photograph could be .ccoa- 

’ “ y _, io . 
•*•■ - t ...» ...» U. », . „„ s™..». .. .... 



f ■ g . 1 5 2 - Stereocoaiparator 


of the high degree of accuracy requi-ed in 
allax, the linear coordinates are measured 
using both photographs simultaneously. 


measuring transeerse and horizontal par 
•1th the aid of precision instruments, 


n. ,». „, M lio .. r ^ 

" ’ f '~ - .. ....... «. t _. 

...... ., .« ... .». .» lh . 






*4 
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tWO phot °* ra P hs - To increase the accuracy of measurements. these are performed on 
the stereocomparator using the stereoscopic principle of viewing. 

n.e stereocomp.r.tor (Fig. 152) consists of a solid base 1. to which the tracks 
2 are rigidly attached. These tracks determine the direction of the xx coordinate 

of the instrument. n.e mam carrier 4 is displaced along the tracks by revolv- 
ing the main shaft 3. The left-hand part of the carrier is provided with a disk 5 
composed of a glass plate in a metal frame. On backing off the screw 6. the disk 5 
can rotate about its owr. axis. Minor disk rotation, can be made with the aid of a 
micrometer screw 7. The negative is placed on the glass portion of the disk 5 and 
is illuminated by a light fro. below. The right section of the carrier 4 is equip- 
ped with cross track. 8. above which another di.k 9 i. placed, 

-hich can be rotated by hand or by a micrometer screw. The second negative is 
Placed on top the di.k 9. which is also illuminated by a light from below. 

When the main shaft 3 is rotated, the carrier 4. along with both negatives, 
move, along the xx axis of the instrument. When the screws 10 and 11. of the cross 
track, are rotated, the right negative is shifted either along the xx axis „f the 
instrument (screw 10). or perpendicularly to this axis. These movements acco^ilish: 
the displacement of the main carrier along the xx axi,. , s measured on the scale 12; 
displacement of one right negative along the xx axis, .. measured on the drum- type 
scale 13; and the di,pl.ce« ! „t of one of the right negatives along the yy axis. , s 
measured on the drum scale 14. The scale 12 is attached to the base and is gradu- 
ated in minimum units of 0.5 », Its vernier scale ,s mounted to the earner and 
has 26 graduations. This permits measuring the movement of the carrier to ...,h,n 
0.02 nm.. The drum scales .3 and .4 are divided into -00 graduations each. , W com- 
plete revolution of the drum moves the right negative by , «. These displacement, 
(in -hole millimeters) are indicated on a scale, -hich is connected to the cross 
tracks. In this manner, the units of displacement are measured on the scale .„ 

-hole .LUmeter., while the drum sc.ies indicate the movement ,n tenths and bun- 
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I 


dredths of a millimeter. 

Tr.Cs 1.5 .re r.g.dly .Cached co the base 1 and serve as the yy .... of 

" 777" ^ blnOCUl " — - - — -I- -se - by means of 

c ^ ~ The binocular 

oscope .» composed of t.o congruent optical systems (Fig. 153). which contain , n 

7 • f ‘ MtinR " ark 2 * Pr,S “ 3 - «■ - -i— S. .„d . prrsm 6 . The 

1 “ e#tiVe ” bey0 " d « '« *- n-gative. for the r.ght 

A 

- 2 )-/ 

J 

6 



— CROiS SECT I ON ALONG A % 

F 1 W * 1 53 - Binocular Microscope 

7““,;' “* "" •' - .b. .... S the 

o.t,»g ~rh. The fl„.t, n g mnrlc thus .ppe.rs to coinc.de with the print. A 

/ e Y*P»ece 1. Upon si«ht.„g the .„ge. of the two print, through the binocul.r 

■iong with the *uperiwposed fleeting mark. . stereo 
. L K ’ * stereoscopic version of the model of 

the phe wOgraphed area is seen fih'v . 

„ . a " y ^ “ rk » -nd .t .ppe.rs to be 

floating. 

The movement of the suspended flo.ting «. r k , n h 

g m.rk, m one horizontal pl.ne. and in 

rc.ation to the surface of 

the stereo .mage, ,s .ccmpl,^ by th , b|nocu . 

Ur system along ,t, own tracks .„ the d.rect.on of the ,, . Xls of , h 

c yy axis ot the instrument 

77 th ‘ C 7 ler al ° n * th ' ” - — - - no.t.ng «rhs remn.„ 

™ ’ ,lh th ' — N, ah.ft one r.ght pr.nt along 

” ^ ,Ch, " e ^ d — — of the floating m.rh. th.s 

Stereoco.par.tor perm.ts supe rpos. t .on of the flo.t.ng m.rh on .„ y po .nt 


267 
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Uft re ^ erence pent being made with the transverse parallax screw, and by rotation 
of the disks to achieve orientation along the vy axis. The xx axis for both nega- 
tives should now run in the same direction and parallel to the xx axis of the instru- 
men t . 

After the negatives have been oriented in this manner, the linear coordinate, 
of the selected relief features can be determined by using the principle of stereo 
lsion. In curing the linear coordinates of the point for both negatives, the ob- 
server -ores the carrier with the binocul.rs and matches the reference point with 
the selected relief point for the left negative. Then, if the right reference point 
coincides with the selected relief point sl„„ g the xx axis of the right negative. the 
floating -ark .ill to be higher or lower th.n the point of the plan. Also if 

there is misalignment of the right reference point with the relief point. a,„„g the 
TV sxis. then the stereovision wi,l be disrupted and both point, wil, . ppe . r double 
In such a case, the observer must first move the right print along the yy «i. untll 
both point, sppe.r to be lying i„ . straight horizontal pl „ e . Ne , t> the fWing 
point is aligned to the point of relief over the horizontal parallax screw. The 
reading, on the scale, of the stereoco^.r.tor r.pr.a.nt the values x. y. P. .„ d 0 . 
-hich are the linear coordinate, for the selected relief point for both prints. 
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The introduction of corrections in measuring horizontal parallax differences 

CarriCd ° Ut “• lytie * 11 ^ “ ^ elements of exterior or.enta- 

"7 " Predet "" ln£d “" d “ «- — coordinates of the points are measured. 
3uch a solution. hn»v*r i • . 


however, is applied only ln cases in which the horizontal parallax 

I ” T* ^ ° f P ° ,ntS h “ ^ ^ • — - —matte introduc- 

tion of corrections in horizontal parallax differences is used 

An instrument called a stereometer is used for the automatic correction: this 

** th ' de<,,8n ° f * «i«nti,t. Professor F. V.Drobyshev . 

The stereo^ter consists of a stereocompar.tor equipped with supplementary cor- 

roctin 8 attachaents .hich are designed to introduce correction, in the horizontal 

P ' ra “ d,fferenCM ' —responding to the magnitude of the element, of exterior 

orientation. There are t.o type, of stereometer, for the solution of a g„e„ proh- 

le * the topographical stereoaeter and th* « 

r and the precision stereoneter. 

85 ‘ * tic U *‘ Kr ‘" of « To p ographical Star 

To the fixed b.ae 1 (Fig. 154) tracks are attached, along wh ,ch. by turning the 

" C SCreW 2> lhe C " r,er 3 “ — d P"- 11 '* - the XX axis of the ,„. tr » n , To 
the ~in carrier 3. tao other carriers are mounted: the right carrier 4 and the ieft 
carrier 5. -Hich al.o can be moxed in the direction of the xx axis „f the in.tru- 
«nt. independently of the carrier 3. The .eft carrier 5 is nosed along the xx axis 

y tU : ,ng thC Paral '* CtlC ~~ 6 ’ - d — o, position serxe for me.su, 

; h 8 ' h ° r,IOnta * Par “"“ — - -e stereo pair. The right carrier 

Has displacement relative to the elements of exterior orientation and to the d,s- 

’ lraVBrS " " lbe 3 - ^ — - displacements are brought 

\ ut by means of tao straight edges 7 and 8 located in . horizontal plane and rota- 
ting a out . co-o„ renter The straight edge 7 Cabled to . caster ahich ,s 
connected ..th the slide bar . .not risible in the diagram, the s„de bar «. be 

^ al g a tr ‘ Ck Par - ,,el ^ *- instrument and attached to the 
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6lnCC ^ SeC °" d simultaneously with the first about ^ cor . 

“ """• “ WlH “ 1SO r ° tate thr ° U * h *« ««1« *• As a result of the rota . 

tl0n ^ Strai8hted - — -«U i. the right carrier must 

mOVC a, ° nK tht XX ““ by «. angle , by the followlng 


equation 


x ' = d ' tan i 

-Here -■ u the -Hstance along the yy axis of the lnstru-ent frQ „ ^ of _ 

tation of the straightedges to the center of the caster of the slide bar ,0 !f 

the ,„.t,.l position, the straightedges 7 and 8 are parallel to each other, , torn- 

"g ° f ^ SCr ” 2 ' lU b ° th through the angle i. uhile the 

right earner traverses the segaent x'. 

Since the —nt of the right carrier, together uith the Ml „ carr.er.tooh 
P ece through the aeg^nt a. the right carrier -u.t -ore relative to the -ai„ car- 
rier orer the distance a' -a . .a. Fro- the .bore eq uatiors it is e.. y to obtain 


A *, * " d? ta, ‘ 1 - d t.n i * (d f -d) t.n 


x(d' - d ) 


*•*- ^ d “ PU «“" 1 ^ — -'-.re to the career 1 , be di- 

rectly proportional to the tr.rersed distance and the difference in length of both 

straightedges. Therefore, if the length of both straightedges ,s not the sa-e the 
turning the r.ch scree 7 , cause the Uft photograph, together e.th the c . r . 

Tier, to tr.rerse the seg«„t a. eh.le the right photograph ..11 tr.rerse the seg- 
«nt x . Scales on the tracks permit reading the distances between the centers of 
Che casters and tie center of rotation of the straightedges a directs perpen- 
dicular to the .*„ aa of the instant, the scales pen.it the setting of the.e 
distances either equal to each other (d-d) or unequal. 

THe straightedges also be set on the .nstru-ent at an angle to each other 

'= - *“• . .. «*. „„ ,j. n . _ 

nitude of the angle of ro tation „f the str..ghted« 8 can be read off fro- the sc .le 
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T 


ir u. — 7 _d , 

2 « 7r.«, , 

In the initial position Fig. 156), let 
the strai gh Ledge 7 lie along the yy axis of 
the inst rument and let the straightedge 8 
form a certain angle P with it. A displace- 
■nent of the main carrier along the xx axis 
by a certain segment x, will cause the 
Straightedge 7 to turn about the center of 
rotation 5 through the angle determined 
by the equation: 



Fig. 156 - Effect of the Angle be- 
tween the Straightedges 


tan i r 

d 


n. ...™d ........... ,. lb . .... 

” „ tb u* ,i.a. b . r „ „„ ... . b „. tb . 

. ,™,.. bb ..... bb . tiww „ tk th> 

Mln dru * displaced over the seiamt v rU , 

^ x, the independent displacement of the sec- 
ond ohotograph will be equal to 


-* * 2 ” x - x 


From Fig. 156 it follows that 
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l 

o.-d term in the denominator m the above equation can he dropped, in fi rst approx ima 
tion, and the angle i can be substituted oy its value. Then, 


= d tan^ i tan 3 


tan P 


the ind «pendent displacement of the right photograph alone is directly propor- 
tional to the tangent of angle ?. set between the straightedges, and the square of 
the traversed distances. 


4 

“T 



JL 


If U 

s4-A 


IT 


f i * • 


Arrangement for Variable Rotation of the Hai 


Different points of a stereo pair are observed by means of the viewing device 
15 (see Fig. 154), consisting of an ordinary four-mirror stereoscope with lenses. In 
view of the limited field of view of the stereoscope, it may be displaced along the 
yy axis of the instrusent along the track 16 by turning the rack screw 17. Horizon- 
tal parallax is measured with the aid of marks which, in the topographical stereo- 
■eter, consist of hairs stretched between the hair holders 18. The hairs are 
stretched over the photograph along the vy axis, which makes it impossible to meas- 
ure transverse parallax. When .roving the carriers X and 5 the hairs remain fixed, 
and the various points of the stereo pair are successively made to coincide with 
them. To eliminate the transverse parallax which interferes with the stereoscopic 
effect, one of the lenses of the stereoscope is displaced along the yy axis with the 
aid of a special screw lO. The equidistance between the exit pupils of the instru- 
ment and the eye base of the observer i - achieved bv changing the distance between 
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r 



the interior mirrors, which are moved along a suppor by the slide 20. The corre- 
sponding reading is taker on the scale 21. 

In addition to the described correctional attachments, based jn the difference 
in length of the straightedges and the included angle d, the topographic stereoaeter 
is equipped with other attachments. A third correction device consists of two 
straightedges 22 and 23 (Fig. 157) located below the carrier 4, with the straightedge 
22 attached to the right hair holder which r.ay be rotated about a fixed vertical ax- 
is 26. The second straightedge 23 may be 
rotated about a vertical axis 27 attached 
to carrier 4. Straightedge 22 ends in a 
caster which is always forced against the 
straightedge 23 and, when the hair coin- 
cides with the principal point on the right 
photograph it also coincides with the ver- 
t-ical axis 2i. If both photographs are 
moved along the xx axis, the straightedge 
23 will also move together with the main 
carrier and will slide relative to the fixed caster of the straightedge 22. 

Conditions are different when the straightedge 23 is turned m its plane 
through a certain angle c 0 . Then (Fig. 13^), • displacement of the mam carrier over 
the distance x will cause the straightedge 23 to push the caster of the straight- 
edge 22, so that the straightedge 22 and the attached hair holder will turn about 
the axis of rotation 2o through the angle . . The relation between the angles 
and can be determined from Fi*. 158, where the displacement of the caster along 
the yy axis is indicated by c. and the length of the straightedge 22 (i.e.. the dis- 
tar ce from the axis of rotation 26 to the center of the caster) is indicated bv r 
In that case. 


Fig. 1 5 R 


Schematic Diagram of the 
Variable Rotation of the 
Hair 


- x t an . - r sin 


U 
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and, therefore. 


Since the abscissa of the points of the right photograph is measured with t:ie 
aid of the hair, it follows that a rotation of this hair through the angle p (Fig. 
159) will vary the measured abscissa by the quantity 

Ax, = y tan p « — tan (641 


Thus, on displacement of the main carrier along the xx axis of the instrument, 

the right hair will not remain stationary but will rotate in its plane as a function 

of the angle of rotation o Q of the straightedge 

"* 23 and of the traversed distance. Therefore, the 

a \\* 

abscissa being measured along the right photo- 
n graph will vary in direct proportion with the an- 

> gle of rotation of the straightedge and with the 

x and y coordinates of the selected point. The 


Fig. 1 S ^ Effect of the An pi 
of Variable Hair 


given angle of rotation 


of the straightedge 


can be read from the scale 28 (Fig. 154). 

The fourth corrective attaduaent of the 


ste reoaetf r is designed for rotating the right hair by a constant angle :. For 
this, the vertical axis of rotation 26 of the hair (Fig.l57> has a repeating ar- 
rangement which permits the hairs to rotate through the angle ^ either together with 
the straightedge 22 or independent 1 v of it. The rotation of the hair, independently 
of the straightedge 22, is effected by still another s t ra lgh teoge , located under- 
neath the straightedge 22 and rotating, together with the hair, about the vertical 
* x i* 26. The lower straightedge, after backing off the set screw, may be turned to- 
gether with the hair through angle : , after which it is again rigidly attached to 
straightedge 22. and participates with it m the rotation through the angle 
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TWefor., if the angle is equal to zero, the right hair .til for* the constant 
angle z .ith the yy axis of the instrument. .htch leads to a change i„ the absctssa 
of the right photograph by the following quantity (Fig. 160): 


* y t * n T (65) 

For orienting the photographs held by the criers, it „ mandatory that the line 
j^ning the principal points of both photograph, be parallel to the x, axis of the 
instruct. Therefore, the earners .ith the photograph. -ay be rotate in their 
plane, through the angle X . The angle, of rotation, after the cl-p acre.. (Fig. 154) 
hare been tightened, can be read fro. the .c.lea 25. For convenience in working... 

extension »helf 29 i. in.t.lled in the ,„.tru.ent. on which the observer nay re.t 
his srai. 




Flg * 160 ‘ Effect of the Anfr 1 e of Con- 
stant Hair Rotation 


F » e • i * 1 


First Auxiliary Corre 
At tachaient 


In addition to these four corrective att.ch.ents, so. topographic itereo.- 
ters are equipped with two zoro azt.ch.ents designed for estimating the coined ef. 

feet of the angles of t.lt and of the ground relief on the change her, iont.1 par- 
allax difference. 

TT~ first nuxili.rv attach^-nt consist, of . str.ightedge .10. which „ held 
fist -g-mst the slide bar o . nd ls mbu to .long the z, .x, s of the ,„.t ru . 

«nt by taming the p.r.llax screw. If. the initi.l position, the straightedge 




jU 
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-0999 


30 f ° r " S th ' «th .he di rect ion of the 

thC Carr,Cr 5 * ^ d — Ap Wlli ca , lse ^ ^ ‘ *** «' 

P ~“- 1 ° v, by the dlstance k ^ b ~ 9 “> — i- tr.ch 

J ‘ tlon 1S determlr -ed from the following re- 


k = Ap tan fj 

j,, “ ‘ h " ““ d„, .rr.«,, 

‘ 7 — „ 

d (66) 

T '"“ tHe lnd ' Pend ' nt dla pl*ce«ent „f the right 
the abaci... „f the ob.eraed * rr,er " UJ Proportion., to 

- - *. - -e .I,;:::;;: — - - ... 

«** — ^o. the ac.ie to ^ ^ J' ^ -«• -l « 

, / ^ S ' COnd • Uxi, ‘*ty correction de- 

|/ ¥ *ce (Fi^.,62, consists of . atraightedge 

"V 3 ‘ wh * ch “ y “• rot3ted ,n th ' hor >t«>t.i 

iP T -OGp/ P, “ e thr ““* h “>« •»**« r 2 ehose aai, of 

/ * 13 , A station i. at . ached to the left carrier 5. 

p-r~~& — V — i » .*«V3 cont . ct 

' ~ !~~\ thC CMt ' r 33> %h,ch 13 f -‘«* to 

l—\ the atra, * ht ^' 35 "*“«* » d-pl.ceable 

~ a, ° n * th ' tracK 34. ...ached to the Mln 

*■ '-‘ Second Ana,;, . ry Correction Carr *"3. Tie atra.ghtedge 3S , c 

Att.ch.ent ir»«*«*e 35 ta bronght 

-to contact etth the cater by the ,„e 

•hen the « ln career , .. ^ *tt«hed to the le ft ha.r holder I 8 . 


carrier 5. 


h » * - 16 


Second A„a, ; ,. ry Correct, „„ 
* Uacka«n t 


••>« the c,„ c . rr , er 3 is , ' ,eft h - r l »>H*r 18. 

""" r r u - - “■ 
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<- 


1 


straightedge 35. which is always parallel to the xx axis of the instrument, slides 
along Che caster of lever 36. If. however, only the left carrier 5. together with 
the straightedge 31. is moved, then if the straightedge 31 forms the angle y 2 with 
the xx axis, the caster 33 moves along the yy axis by the distance a, deteririned by 
the following equation 

• ~ A p tan i 2 

This shift of the caster 33 leads to a similar displacement of the straightedge 
35, which causes the lever 36 and the hair holder 18 to rotate through an angle 6y, 
which is determined by the following expression: 

. a Ap 

“ n 5 * ■ r "b~ c *" u 

where R is the length of lever 36. 

When the hair holder is turned through the angle 6 *. a change in the abscissa 
of the observed point of the photograph will obey eq.(65) so that 


A** 


* c y A p 
v tan 5 > = tan v 

R 1 


(67) 


Thus a change in abscissa in this case will be directly proportional to the or- 
dinate of the observed point, to the parallax difference, and to the adjusted angle 
y 2 . The quantity y 2 cmn *>« set up on a scale with scale dividions of 2'. 

86. Orientation of Photographs on the Topographi c Stereometer 

The topographic stereometer is designed for plotting relief on untrans formed 
photographs and is equipped with correction attachaents for autoaatic correction 
for horizontal parallax differences. Actually, the correction attachments of the 
instrument permit me asureacn t of the abscissa on the right photograph: 

*2 = *2 * A*. * Ax, * Ax, • Ax* * ^x« - Ax* 


u 
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as a result of which the measured parallax difference -ill be equal to 

P- *!-*;-<>- *, -* 2 -b - Ax, -Axj-Ax, - 
- ^x 4 - 4x $ - Ax 6 

Since the measured parallax di ff^ r 

P nax ait ierence on the stereoconparator is 


A ’ p " *1 - ** - b 


-hile the real value Ap „f the horizontal parallax diffe 


rence , is 


A P - Vp - 6p 


then, substituting these value. i„ eq.(68). -e obtain: 

V P . A' p — Axj - Ax^ - Ax 3 - £x 4 — Ax s - Ax fi - Ap^p-i., - 

-A. j -A, j -Ax 4 -A, s -A , 6 (69) 

F “ ' >• -U -.«■ ... the heriioetal 

• -..fee..., « the ..p^t.ph.e o „ „ t ^ 

tiafied: 

* AXl " " A *5 * (70) 

or. auhat.tuting their value, for the above quantities 


( AH 


r k p I *i **, ) * (-j-.,) 

, 2A P*.. Apv 

T. I - - 7 —^., - - k - • 


. 2hlp , ** X V 

T— N V- <d - d) * ~ — e *^it,nc. . 
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Ap 2 


In this expression , the terms „ a . up 

fir^t of these is verv <* , , f|<P * 2 H ( 2 ' H o } are dropped, since the 

.... :::::: - - 

different current coordinates ^.T 10 " ” r " lld a " y P ° l " tS °" P ‘ lr *>*-"« 


6H ♦ 


2 b 




<r -d 

d 

ten 0 




- y, 

_!!i 

f k p 

- 

f k p 



■n* l«.t ten. 2b6p 


( 72 ) 


Points and en£s .s’. ^ ^ ^ - 

COrreCt *° n *" — horizontal par.!!., differ 


Therefore. ,f the qu.ntit.es d, d\ 3, 


■re set up on th cor ° ’ ^ ' “" d r2> s,t, »fyin* eq. ( 72 ) 

correction .Uachments of the stereometer then th t 
P.r.lla, difference measured on the ' hori.ont.i 

d on the instrument »i i 1 be fre- ( 

*** « th * •»— t. Of exterior oriental Ti. C *“' d by 

differences .ill be measured h °" tb ' tFUe hori *ont.l par.ll, 

... — ...... ~ r~ ■ - 

r - - — - - r,rr: 
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Z’2 -• * — - * . 

p os i t i on corresponding to eq.( 7 ?). this setting of the 
correction stt.ch.ents is known as orientation of photographs on the stereo-neter 

t he ph rr on thc principu Ky wh,ch the pr ° biem - ^ 

Ho photographs on the stereo^ter _ y he petfood b y two «thod. : direct s„d 
erect. In the indirect nothod. the e.e^nts of estecor onent.tion of the photo. 
P .. fo d fro. specie pHotogr.^r.c __ .„q constrnct.ons. _ 

t t C ‘ 1CUl ‘ t,nK " C ‘ Ubr “ 10n - 1 - - ““ — .tt.ch.nts 

. e °“ ter - In tHe dlrCCt ^ th0d - - ~ fonnd throngh 

cco e . PP rosi.„ons in working on the st.re.ter it.off fro. known 

f«. point, within the limits of the stereo p.ir. 
or "" 

’ h °“‘ r -- - ■— — -> ■*. 

- ' fc —' 

- „ .K. <b . d . rrddl 

'™ “• S-— s, «. 

«e, with their »=lue. obt.med fro. geodetic bench .rks. 

this “ th * tW ° ' leT,ti0n POi " tS A| " d ^ "" deter * iBed ticllr; 

~Hes it po.sible to obtain their cert,., interw.l fro. the foiling eqn.tion 


Knowing the rert.es. interr.l between the pomts. as we., as the 1 
photographic b..e, the foUowing eqn.t.on " ‘‘ nd 




bh 

irnr 


7 - h --~' dl , 
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cntial due to the effect of the elements of exterior orientation. can be written 
the form: 

5p - A'p - Ap 


At the same time, according to eq.(70): 


6p ~ — (d 1 -d) ♦ -L tan 3 
a d 


x .y. 


tan * Y • tan T 


(73) 


Thi * ” pre ” ,0n ^ «"‘‘n„ TO quantities d' - d. 9 . p Q and t. To find the.e 

unknown., four analogs equation, with known change, in horizontal parallax defer- 
ence -u.t be constructed. To obtain these equation., the elevation of fire point, 
on the .tereo -uat be known fro., which four vertical interval. ,„d. con.equently . 
four change, in horizontal p.r.l lax differential can be obtained. Thi, require, the 
elev.tzon. A p A 2 . Aj. A + , and A. of five point, on the .tereo pair, requiring cal- 
culation of the four vertical interval.: 


Aj-A,: h } 


A 3 -A,: h 4 


A s 


with respect to one of the point, taken a. the point of origin. „ well a. .cur- 
ing of the par.lln. difference. Vp 2 . A' Pj , A'p 4 . and A'p s of the ac point, with 
reapect to the d.tu. point. Fro. the kno«. vertical interval., the elevation, and 

the photographic ba.e, the following real horizontal parallax difference, are oh- 
tamed : 


bh 3 . *>•>. 

H^r ; ' r * * irrf- 


ii - h : ' 


•>« - irr^ 

and the differences bet.een the measured and calculated values 
5 Pv 


A p 2 -Ap 2 ; 5p 3 - A'p 3 -Ap 3 ; 6p 4 » A'p 4 -Ap 4 . 


The resultant changes in horizontal parr.llax di»fe 


rence permits the construction ot 


2H 4 
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the following system of equations: 


k '» x ' * k i*->y 


3 * 2 y 2 - k 4 y 2 
k ,x,y 3 * k 4 y 3 


^3 * k 1 x j - 




'p* - k i*« * V« * k 3 x «y« * k 4 y 4 


where 




d' - d 


k , x 


1 x 5 


k 2 x i + k 3 *5^ 5 




4?5 


( 74 ) 


. k„ 


tmn P , tan p 

d ’ K 3 ■ k 4 = tan t 


( 75 ) 


-*»le the x end y coordinates are read fro. the principal point of the right photo- 
graph. The solution of this syste. of equations is . rather c~p.ic.ted task to 
•t^Ufy the procedure, the election point, -u.t he deter-.ned geodet.c.lly for 
.pocially selected point, rather than for r.ndo. point, of the stereo pair. elec- 
tion of a sp«c,.l position of points, -oreoxer. make, high accuracy possible. In 
f^t. if denoting the error in the -e.aure.ent o, the horixonta, parallax differ- 
by dfip and the error. the coefficients by dk,. dk 2 . dk 3 . and dk*. then: 

d6p " * dk i * * 2d * 2 ♦ *y<ik 3 ♦ ydk 4 


Assnaing that dk 2 


Analogous 1 v , i f dk ] 


dk 


3 - dk 4 = 0, we obtain 

d6 p 


dk. 


dk, -X 


d k _ 


If dk 


dk, 


dk. = 0 


dk. 


if dk, = dk 2 


d6 P 


d6 p 
*Y 

d 5 p 
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It follows from the express 


that the 


error in the coefficient k * 


-^11 be at in the coetlicient k,. at xn the coefficxent k 3 . at x Bax and 

a " d ln th * coef '* c i e nt k 4 , at y B>x . At the initial point, the error .ill 
q zero it x = 0 and y » ). On the basis of the above considerations, a system 
(Fxk. 163) of a suitable distribution of points having geodetic elevation marks can be 
constructed. According to this system: 


y 2 - 0 ; X, 


y 4 - imx, * s = y 5 = 


y 3 = 0; x. = 0; 


Th "' the e 1«« tion » for orienting the photographs on the stereometer will 


take the following form: 


6p 2 - k,x 2 «■ k,x2. 

6p 3 " k l*3 * 1*2*1: 

5p 4 * k 4 y 4 

ftp S = k 1 * 5 * k 2 x 5 * ^3*5X5 * ^ 4 X 5 

Since the coefficient k 2 in these equations, according to eqs.(72) and (75), 
depends on the difference in the longitudinal angles of tilt („ x ) of the teo photo- 
graphs, it felloes thnt ususlly. even in direct orientation, k 2 is found fro. other 
photogrammetric operations, snd the angle r is set beforehand on the corrective at- 
tschment. of the stereometer. In this esse, the coefficient k, sill h.ve no effect 
on the value of ip. and the basic equation for the orientation .ill take the form 


h l*S ‘ k i*S v S * Vs 


•ehile the elevation marks of point 3 need not be determined geodetic.l lv. Neverthe- 


Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 





Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 


IeSS ’ Successf “l construction of those e 

the ° Per “ io -- Consequently, two add itTTT" ^ e " SUre of 

pued - — p-.ii. POl „ts t ;?r are Keneraiiy — • - 

determined from geouefc ^ " * S ' 63 > ^-atton must he 

= max, y _ _ ese Points, = q v 

y 7 ~ -max. 6 u - Yf, « -max, x? = 

B “* d °" the «bo»e theoretical r ■ . 

8r * PhS °" thC —-r proceeds ^ ^ ° r,entatl °" “< «*■*- 

two photograph, comprising a 

Stere ° P,ir ’ " th i" -hose border, 
th ' eleY “ ,0n -i. points 

<,2 ' 4 ' S - 6 - * nd hare been geode- 
tiC ’ Uy • distributed s c - 

cording to the .bore system. Kor 
these photos, the following data 
been determined beforehand 

- JVT - 



I * 3 


Selection of Point, f or Orient 
t«on on Stereometer. 


°f tilt (A* t . a _ 


^ f ° r -1- .s shown below, T Ph ° t0 « raph - (the meth- 

tarrter of the stereo-ter the ^ ^ ~ «*» -,ft the 

T " "* the “ereoacope see, the right h. Jr ^ ^ Until the obser 

csrriers. marked 0) , their ‘"tersect the center. „f rotation of the 

— • ~ eotnctde w ith the center of . r; ‘ ^ - -, 

the carrier below the haar such , _ ^ ^ *** •* *- Weed on 

the ^ - nd that ^ Joining the P r,„c, p “ S p Z ,C,Pa ' PO ‘ nt ^ 

protimately parallel lo tfce ,, ^ ^ ° f ^ Photographs ,, , p . 

the rack screw, the left ha.r ,s m^e •„ ^ ** V ' ‘-rnang 

Uft Carr * er A ^t is fed into the ^ ^ °' 

thC Carr>er - ** —.apptng p . rts Qf Wh " ,r h ^ th ' Pt — aph as pUced 

~ - - — irrrjr 1 n the ~ 

287 



Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 





Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 


l 

After this preliminary setting, the observer matches the right hair with some 
contour located near the principal point of the right photograph. If the identical 
cbntour on the left photograph does not coincide with the hair in the direction of 
the xx axis of the instrument, this discrepancy is eliminated by moving the left 
photograph with the aid of the horizontal parallax screw. If, however, the identi- 
cal contour seems to be located higher or lower (along the yy axis) than the corre- 
sponding contour on the right photograph, the left carrier must be rotated in its 
plane through the angle y. In exactly the same way, by matching the left hair with 
its contour in the vicinity of the principal point of the left photograph, it fol- 
lows that when the identical point on the right photograph is higher or lower the 
right photograph must be rotated in its plane through the angle y. After this, when 
both photographs simultaneously under the stereoscope, the observer must see 
a three-dimensional image of the photographed area and only one spatial nair. 

When directly changing to the orientation on the stereoaeter itself, first tl:e 
0 must be adjusted between the correction straightedges and all other correc- 
tion attachments must be set at zero. For this purpose, the slide bars 9 and 10 are 
shifted along the tracks to adjust the reading on the d scale to exactly 100 mm, 
while zero readings are set on the scales t and p Q . The ? is calculated from 



^ ^ k * • the angle 8 must be 1.43 tia«s as large as the angle (x x - x % ). To 

set the angle 8 , the clamp screw must be backed off (Fig. 154) and, while both cor- 
rection straightedges are held in place manual Iv, the angle between them must be 
changed to the desired value. When setting the angle .■ , it should be remembered 
that it is considered positive when the straightedges are opened and negative when 
they are closed (see Fig. 164). 

the angle b has been set, the operator, while viewing both photographs in 
the stereoscope, stereoscopical lv brings the hair to the observed point so as to 

28b 




Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 





Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 


make it appear superposed to the selected point. For more accurate coincidence of 
the hair with the Surface of the model, no elevation control points are pricked on 

the working photographs, rather, the ob- 
/PS\ />K\ server determines the place at whici. they 

I I \ \ ®re to be located by making pinpricks in 

I I \\ fc he field prints. In measuring horizontal 

I I \\ parallax difference the final adjustment is 

I I \\ made by turning the parallax screw, which 

^ corresponds to a lowering beneath the 

floating mark. 

F i g . 1 6 4 - Arrangement of the Angle The orientation begins from point 1 

between the Rulers , , 

which is used as the datum point. With 

this point, the floating mark is matched twice, and the average of two readings from 
the horizontal parallax screw is entered in the record of the notebook m which all 
step, of the orientation are recorded (see Table on p.290). The difference between 
the two readings should not exceed ± 0.02 mm. If this - .lue is exceeded, the opera- 
tion must be repeated. In the same manner, the floating mark must be made to coin- 
cide with point 2, and the average of two readings entered in the last column of the 
same chart. The coluam headed “Should be ”, is to give the sum of the calculations 
obtained by superposing the mark on point 1, and calculating from the known interval 
the horizontal parallax difference of point 2. In the colua headed “ Difference ”, 
the difference between the measured and calculated readings for point 2 is entered. 

If the obtained difference (5p 2 ) is more than t 0.02 tmr it will have to be elimin- 

ated by changing the length of one of the corrective straightedges. For this pur- 
pose. a reading is taken on the scale of the parallax screw which equals the calcu- 

* lated value entered in the column “ Should be ” The floating will mark be found 

not to coincide with point 2 of the model; to correct this, the position of the 

• slide is altered on the track of the corrective straightedge. In order to check the 


LJ 


Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 





Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 



Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 












Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 


readings for point 2 have been established and before pro- 
C “ ^ ri r the ° rientatl0 °- Che fWi - ~‘ once be superimposed 


P01 " t U the P rev iuus reading has changed (.hach 


may happen as a result of care- 


. i — - ui care- 

CSS " ,atChln ' 5 ° f the PO, " t ’ - Uh th * P-l poi.. or the raght photograph ) a 

ne. value for the coltmn - Should be - must be calculated and the above process must 

^ rePe “ ted - thC “ th ° d " ~ —mataon. U used lor obtaining 

congruence of the reading actual,, me.aured lor poant 2 and the calculated value of 
that readang. pre.erving the datum reading an the record. 

B, the same method the rioatang marl. as no. matched .ath poant 4. .»d the aver 

"1° ^ r ' adin8S * 8 ent " ed " th ' • "-i- Comparison of thas 

r ;r‘ n * WUh the ' r8l “ C - 1C “ Ut ‘ d - <«" - - the datum reading and the p.r- 

..X dafference calculated fro. the elev.taon difference) gave, the difference 6p 4 

““ "• eH - in ‘ ted * *• Hair » i«. i' ! " ne through the angle T 

ror tha. purpose, the calculated v.lue of the readang entered an the column 

‘ bh0 “ ld ^ “ Set “ P th * •' ‘»e parallax sere., .hale the float- 

ang mark as matched .ath the poant 4 of the mode, b y rotating the r.ght haar. thus 

8 ' r0t8t ‘° n eqUal the — *' ‘He angle t an e q .< 72 >. To chech the cor- 

rectneas of the oper.taons so performed, the flo.tang m. rk is ag.,„ matched .ath 

7 “ 4 ' bUt tl ~ by tUrn ‘ n8 the P8r * U “ — - “ - —nee bet.een 


oecveen 

■easure and calculated readang. does not exceed t 0. 0 2 mm. the oraentataon .,t 
respect to thas point as consadered completed. ,f the dascrep.nc, bet.een the read 
,nKS ** ° Ter 0 02 ‘He process must be repeated. 

After orientation .ath respect to poant 4. the f.oatang marh must ag.,„ he 
~tched -ath po.nt , a ad an an.taal readang tahen on the sca.e of the parallax 
•ore., ,f there „ . s.gn.facant angle of rot.taon x . or a f poant 1 deva.te, from 
. the prancapa, poant. the initaa, readang .i „ change, and at .„ 1 therefore be ne- 
caar, to repeat the entare orientation process from the begarnang. starting .ath 
.the obaerv.taon of poant 2 and of the change an length of the correct, ve str.aght- 
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1 


It B ’ '' ■*--*' - — — , «... w 

I — — v , _ . „ t „. 

agree Wlth the values calculated for such readings 

— is next -etched with ^ 5 of th e ^ and the of 

two readings encered ln the co , umn h .. 

...... "esding of the record. If the sum of 

the initial reading and the calculated parallax di ffere 

“ Should b. - . d.,,„. “* 

r .. , °“ th * " eaSUred ^ .ore than * 0 . 02 ». . 

1 ;; to th * c * icuuted — - - - - - — - ^.. u „ _ 
e bating Mrk s . ..tched . lth point 5 of t „e ..del hy changing the poaitio 

of the corrective straightedge p The fl„.r 

8 P„. Ihe floating mark , s then .matched with all f„, 

•* ^ *■ - - ::: : . 
..... — ..... .h. ...... ... ...... .„ ........ 

j- r r “ “““ ■“ • i,h •— - ». h.. .... ..... 

“ • ' ^ ~ - .hi. th. 

Photographs with respect to points 1 ■> . j c 

- calculated r d r <^f.rence between the «..ured 

In ’ I * * * S ° r P ° lntS 6 ■ nd 7 *“»t not exceed i 0.03 -0.04 ua> This 

r - “- “ ~ - - — - - 

j,”'"' ““ “* <*• ...... d„. nut 

exceed 10 a.) , permits orientation with only . f- 

n »!th only . few approxiuations. At a lam d— 

; r — - - — - - — . - — ™n 

considerably increased. 

It is useful in pr.ct.c.l work to f lrs t „ke 

. ■" ke ,n «PProxiB.te orientation keeoira 

the residual differences to n 1 _ j L ".seeping 

. * n<1 th " m * , ‘ e t!l ' f« Ml oriental, on, using the 

aix>*e -described layout g * 

I ■easure.ents connected with . l_ 

i . h ' of . stereoscopic pair . re e „ 

rj 7 " C ° rd (S " P ‘ ^ K ^ ' h * Ch * order of entries ha. Been 

7 h ^ — - - — <- ~tered. the 

00.-8 the nuuherof the point, the order of orientation, snd the deno..nator 
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giving their field numbering. 

I. 2, a. lh . ,„.„ d „, k 

“ •' 01 » c **~ >• «• d.,_ c,_ 

.. «b. P...1U. - ,.c_ .... , M „. „ 

«*• *’“* •*>- U» ..... i. .... 

“‘■“ d •“"*—•• — “ «“ -«■« f~ PO... 4. .. 

Col™. 6 mnd th. differ.... I....... th. ™..„ r .d ..d c.lc.l.t.d ...ding., 

Column 7. 

On coaplet- xn of the orientstion. the observer enters the readings on the 

ac.les of the correction devices as we.l as the values for the photographic base and 
elevation. 

A. . result of orientstion. the cured horisont.l p.r.ll.xes „f . U point . of 
. stereoscopic psi, .ill he free fro. the effect of the sngle. of tilt of the photo- 
grsphs end of the difference in flight altitude. 

Since, for the orientstion of the photogr.phs on the stereo-eter. it i. . u ffi- 
cent to h„„. the election nsrh of four points, the points 4.5.6. snd 7 often sp. 
pear .s such. In this case, a comparison of measured and calculated horizontal 
p.r.ll« difference, of pornts 4 ,„d « pemit establishing the r.lue of xniti.l 
rcsdxng ^ the a.lue of the sngle x. -bile the election ..rhs point, 5 snd 7 
•re used for setting the sngle p Q s„ d the difference Ad of the lengths of the 
straightedges. Such . nethod of solving the probleu slightly changes the order of 
orientstion. since first the sngle x. then 0 „. snd f.n.lly Ad .re estsblished. 

87. Calibration of th. Topogr aph ,c Stereonetcr 

Before beginning .orb on the topogr.ph.c stereocer. .1, sc.le, of the instru- 
ct -st be set to i.ro re«!,„g. snd the instruct checked snd brought into the 
required condition or. coc tern.no, ogy. cs.ibrsted. 17,,. c.libr.tion done 
part 1 y st tie shop, snd require, the presence of . nechnn.c Cpl.nt c.libr.tion, and 
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.'T.V.T - - ..... ......... 

of a stereometer includes 

1. Matching the centers of rotation -u 
h C carriers of both photographs with 

the intersection of the marker Hues on these carriers 

;• - P...U.U.- ... ....„ 

3. Adjustment of the centers of rotation of both of the tee carriers to , 

parallel to the x-.xis of the instrument; 

*-j.\Tr n ‘ ^ C ° rPeCtOP ” <«••*»> - P-aUelis. uith the 

* axis of the instrument; 

s. Matching the axis of rotation of the carriers to th * 

ne carriers to the extension of the axis 

I/,; ^ ^ h “ r h0ld " 8 ' ^ ^ th ' — <*' — of the car- 

the s' ^Tl the BUide * ^ th * COrreCt ° r " ^r perpendiculaiity to 

the x-axi. of the instrument; 

7- the heir, through the center, of rotation of the carrier. i„ the in- 

1 tl ®l position. 

8. Checking the image , n the stereoscope for quality; 

9. Checking the scale, and scree, for accuracy and true. 

con, Wheth " “***' »peci fictions are met, test grid. (Fig.| 6S > are used, 

tr 27 Of gU.s p,ates (i3 - « ,8. 24 - 24 . and 30 * 30 cm, eith engr.red and 

ed lines. 1W hontonta, and rertic, lines .re dr.en at c f 5 . 

‘ n : rr0r ~ <XC " d ‘ n * ° 01 -• - ’ — r consisting of . dial .. th 8c . le 

. ....... , . „ d . ... ... „„ d th . „ <d , =e ^ 

f" ... d . 

' " 1 * >b * >.«». sm ... 

:r - - - — ■■ ...... ., r 

_ • * ai - r ~- - — .... ... ....... 
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intersection of the grid lines. By turning the rack screw, the main carrier is -nosed 
to the left, during which Use the hair node must continue to coincide with the same 
horizontal grid line with which it coincided at the initial position. I„ case of 
discrepancy, the lock screw of the carrier is hacked off. and. by turning it through 
the angle *. the knot is made to coincide with the selected line. The knot must 

“ ¥e ,l0ng ^ leUcted • -Hen the rack screw is turned, with an er- 

ror not over 0.1 mm. Displacement of the knot by more 
tha " the toler,nce inoicates nonlinearity of the track. 

= ^ , ‘ hiCh mU3t be corrected Hy the mechanic. Further, if 

“nTl" the le£t C * rri,K * ** "° ved -ith the aid of the parallax 
*""■ * hile the r, S ht carrier is moved by varying the 
i rriM J_LU angle p between the corrector straightedges, the knot 

■ust be displaced along the saae horizontal lines with 
Fi *- 1*3 - The Test Grid *" err ° r not °' ,er 0.2 mm. An error above the tolerance 

indicates that the three guides lines are out of paral- 
lel and must be adjusted by the mechanic. 

*hen the carrier with the grid is rotated in ,t. plane through the angle y.the 
central intersection of the grid lines must not diverge fro. the intersection marked 
on the carrier: any displacement by more than 0. 3 -a is corrected by marking . ne w 
intersection on the carrier. 

TT.C position of the centers of location of both carriers on a single line par- 
sllel to the x-.xis of the instrument ,s checked after the two grids have been 
Placed on the carriers so that their horizontal lines coincide with the direction of 
the x-.x,s of the ins t rumen t . \ hair is then stretched over the grids and matched 

-th the horizontal line of one grid. The corre.pondin* line of the other grid must 
coincide with the stretch , hair with an error not over 0.2 a-: any discrepancy is 
adjusted by the inechanic. 

Parallelism of the ru.er 35 with the axis of the instrument and the setting 
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of the angle y 2 are checked by moving the main carrier along the xx axis; in this 
case, the hair holder must not rotate in its plane. 

Perpendicularity of the track of the corrective straightedge to the xx axis of 
the instrument is checked by moving the slide bar according to special marks located 
above the left carrier for the orientation grid. These marks must coincide with the 
vertical line of the grid during additional independent motion of the slide bar, 
causing a shift of the mark with respect to this line of not more than 0.1 m for 
all ranges of motion of the slide bar. 

The quality of observation in the stereoscope is checked by stereoscopic obser- 
vation of grids oriented in the instruamnt. If corresponding horizontal lines of 
the grids merge without trouble into a single spatial line, calibration can be consi- 
dered accomplished. If the corresponding horizontal lines merge or are at an angle 
to each other, the cause will be a lateral rotation of one of the mirrors. 

The position of the axis of rotation of the carriers on the extension of the 
axes of rotation of the hair holders and coincidence of the hair with the center of 
rotation is checked after all the correction devices have been set to zero position. 
Then, after matching the right hair with the center of rotation of the right car- 
rier, the rulers p Q and 1 must be rotated to the maximum argles. If on such rota- 
tions the hair does not diverge more than 0.2 mm from the center of rotation of the 
carrier, specifications are considered met; otherwise the mechanic must shift the 
axis of rotation of the hair holder. The position of the right hair through the 
center of rotation of the right carriage is checked after setting the x-scale of the 
instrument to zero position. In this case, the right hair must pass through the 
center of rotation of the right carrier with an error not exceeding 0.5 ami. If this 
specification is not met, correction must be made by displacing the center of rota- 
tion of the corrector straightedges. 


The final check on the scales and operation of the screws of the instrument 1 «; 
made with the aid of an indicator attached to the fixed hase of the instrument, the 
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pm of the indicator must rest on the l#»f> . 

on the left carrier. Any displacement of the left 

carrier by the parallax screw leads to a change m th * A 

cnange in the readings on the indicator 

scales and the parallax screw; the changes on both scales must be equal. 

The above -described operate complete the Ust „ f check t „ t . proj>er ^ 

tiomng of the instrument and for checkins on th. , . 

checking on the accuracy of the pjant calibration 

S * n the inStr ““ nt b ' ected only by a mechanic. 

88 ‘ ~ ^ Calibration of the Topographic Stereom-i., 


Calibration of a stereometer con.i.t. mainly defining the initial setting 
•nd the scale readings of the corrective attachment, corresponding to their tero po- 
s 1 1 i on ( 1 * e* * determination of the tero points on the scales of the instant) 

Such service calibration of the ,tereo«t.r is performed periodically mith reference 
- test grids, placed in the instrument-, plate holder, and oriented along the xx 
•xis. To aid orientation of the grids, knot, are tied in the hair, of the in- 
atrument , correaponding with the centers of rotation of the plate holders. Calibra- 
tion of the topographic stereometer includes the folloming: 

1) Determination of the rero point on the x-.c.le and rotation 8; 

2) Determination of the tero point on the x-sc.le; 

3) Determination of the tero point on the p 0 -s c .le. 

4) Determination of the tero point, on the d .nd d' scales 


5) Determination of the length r of the radius of rout; 


hair holder; 


on of the right 


6) Determinate of the tero p„ ln t on the parallax sere, scale 

7) Determinate of the tero po.nt on the ..-scale, 

6) Determination of the tero point on the ^-scale. 

9) Determination of the length R of the radius of rotation of the left hair 


holder. 


Determination of the tero point on the x-sc.les .no the rotat. 


on r of one cor- 



Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 





Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 


T 


rective straightedge relative to the other is performed by shifting the tracks of 
the corrective straightedges in direction of their travtx*. To set the zero point on 
the x -scale , the observer, after shifting the main earner along the xx axis, matches 
the right hair with the center of rotation of the right plate ho.der, and then 
changes the position of the slide block of the lower ruler. If, during this shift, 
the right hair moves from the center of rotation of the right plate holder, the posi- 
tion of the main carrier must be changed by shifting it along the xx axis. This se- 
quence of operations is continued until the right carrier remains stationary when 
the slide block is moved along the lower track, which corresponds to a parallel po- 
sition of the track and the firsc corrective ruler. Since, during factory calibra- 
tion, the track was set along the yy axis of the instrument, the first corrective 
ruler will occupy the same position. The position of the main carrier thus ob- 
tained is set in accordance with the reading on the x-scale and is the latter's xero 
point. 

Alter the xero point of the x-scale has been determined, the slide block of the 
upper straightedge is shifted in the same manner, and the motion of the right car- 
rier is eliminated by changing the angle 0 between the corrective rulers. The scale 
reading taken for the stationary position of the right carrier corresponds to the 
mutually parallel position of both corrective rulers and is the xero point of the 
0-scale. The xero point of the repeating system t for the hair is read off on its 
scale after the hair has been matched with a grid line parallel to the vy axis 
of the instrument, passing through the center of rotation of the right plate holder 
(Fig. 166). 

The zero point on the . 0 -scale is read off after the hair has been matched with 

the line on the test grid which is farthest from the center of rotation of the right 

plate holder (Figure 167). For increased accuracy, the hair is stereoscopical lv 

• In the topographic stereometer T>I 2. the rem point of the *- s «al- ,* not determined, but the 
*ero points of the r scale mid the differences Id of the lengths of the n,!.^ arr determined K 
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matched with the line. To determine the zero points of the d and d' scales of the 
corrective rulers, their lengths and then their zero points, are adjusted to be 
equal. First the right hairline is matched with the vertical line on the grid which 
passes through the center of rotation of the right plate holder, while the left hair 




+ f4- 


F i g . 1 6 ft - Zero Point of the Repeat* Fig. K» 7 - Zero Point of Variadle Rott- 
ing System tion of the Hair 

is matched with any line on the left grid. When the lengths of both rulers are 
equal, the main carrier is shifted along the xx axis until both carriers are equally 
shifted under the fixed hair (if the zero point was set on the 3-scale), i.e., the 
^airs must coincide with the two other vertical lines of the grid farthest from the 
original lines. If there is non-coincidence of both hairs with the sane vertical 
lines, this can be remedied by changing the position of one of the slide blocks on 
its track so that the lengths of both rulers become equal. For determining the 
zero point of the scales, the right hair is again matched with the vertical line on 
the grid which passes through the center of rotation of the right plate holder, and 
then, with the main carnage shifted along the xx axis, it is matched with any other 
distant line, the corresponding readings of x q and x' are taken on the x-scale of 
the main carrier, while the d and d’ readings are taken on the tracks of the correc- 
tive rulers. If the reading of d is then changed bv sliding one slide block along 
its track until the hair coincides with another vertical line, i.e. , until the right 
carrier passes through a certain distance \x , then the actual length d Q can be cal- 
culated from the equation 


b 
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x)Ad 


(77) 


where Ad is the variation in reading along the track. Then the zero points of the 
corrective rulers will represent the difference (d - d c , d' - d Q ) between the lengths 

of the rulers as read off, and their actual length. 
The length r, i.e., the radius of rotation of the 
right hair holder, is determined after the right 
hair has been matched with any vertical grid line, 
located at a distance x from the center of rota- 
tion of the right plate holder when the reading on 
the p Q -scale is set to correspond with its zero 
point. If the reading on the p Q -scale is changed 
in such a manner that the end of the right hair 



coincides with another vertical grid line, then 

Fig. 168 - Determination of the 

Length of the Radius the length r of the radius can be calculated froi 
of Rotation 

*y 


(78) 


where y is the distance along the yy axis to the end of the hair which is matched 
with the other vertical line (Fig. 168); o 0 is the established angle of rotation; Ax 
is the displ acemcnt of the end of the hair along the xx axis. 

The zero point of the horizontal parallax scale is determined by first match- 
ing the hair with the centers of rotation of both plate holders and then reading the 
corresponding values of x^ and *2 on the x-scale of the instrument. The difference 
P - ( r. - * j ) between the reading P or. the horizontal parallax screw and the vaiue of 
the displacement (X 2 -Xj) of the stain carrier is then the zero point of the horizon- 
tal parallax scale. 

The zero point of is determined by rotating the horizontal parallax screw 
and observing the right hair, which should coincide with some vertical line on the 



VO 


L 
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test grid. If, on such rotation, the right hair does not coincide with the line, 
the corrective ruler r, is rotated until the difference is eliminated. The reading 
on the Yj scale will then be its zero point. 

The iero point of the f 2 scale is also found by turning the horizontal parallax 
sc rev while observing the left hair. If, at first, the left hair coincides with 

some vertical grid line, and then, after the read- 

— —— l£x f~ lng ° n horizontal parallax screw has been 

y y! changed, no longer coincides with the succeeding 

y- * lines, then the reading on the y 2 scale must be 

changed until the hair stops rotating. The read- 

— f in * on the Y 2 scale 1 1 then be its zero point. 

To determine the length R of the radius of rota- 

p . ... tlon of the left h «ir holder it is necessary to 

f l g . I 6 ° - Deterninat ion of the 

length of the Auxili- t * le »*ximu« reading of y 2 on the scale and 

ary Corrective Ruler match the hair with iw vertical line. After 

this, turning the horizontal parallax screw will 
result in . rotation of the hair in its own plane. Thia rotation is continued un- 
til (Fig. 169) the end of the hair, located at a distance y from its center, does 

not coincide with any but the central vertical line. Then the length R can be cal- 
eulated from 


•here v, ,s the established angle of rotation, while '.p ,s the change ,n reading on 
the horizontal parallax scale relative to the initial reading. 

89 - ^ termination of (« r n Station Height and Photographic Base 

In orienting the photographs on the stereometer the parallax differences of 
x.x points must be calculated from the known geodetic elevation „arks and compared 


u 
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measured values. The height of the camera station and the photographic 
base must be determined in advance before these parallax differences can be calcu- 


As demonstrated above <eq.6) f for the 


of level terrain and vertical direc- 


ti0 " “ f th * ° PtiCal ** ,S ° f the -*"* 1 scale of the aerial photograph is 

the ratio of the focal length of the c«mr. to the flight altitude. TWe- 
fore, the flight altitude can be obtained from 


To determine the scale of the photograph, the ratio of segments drawn between 
corresponding point-pair, on the photograph and on the ground must be uaed. Since 

D 

■ - — 
d 

it follows that 

H " f *T (79) 

In the case of terrain with prominent relief (but with the photograph still 
horizontal.) this ratio no longer hold, true, bec.uae of the fact that the polyconic 
projection of the photograph differ, fro. an orthographic plan projection, so that 
a correction for relief must be applied to the distance D. Therefore (Fig. 170). 

D ' D . * 

-here D„ „ the distance between the orthographic projections of the points, .„d A, 

-»d are the corrections for relief of the two respect.ee ends of the segment se- 
lected. 

In order that no correction for relief need be appl.ed to the distance D, ,t 
is necessary that & 2 . A,, from which it follows that 


L / 
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Thus, if in calculating the fiight alt.tude from eq.(79>, the distance between 
the orthographic projections of t ie ends of the segment D is taken for the segment D. 
then the flight altitude will be determined with respect to the plane containing the 


v T"; 


elevation mark given by the expression 


r 2 A 2 r l A l 


--4-VS& 


Fig. 170 - Determination of the 

Camera Station Height at 
Prominent Ground Relief 


where A 2 and Aj are the elevation marks of 
the ends of the segment, and r 2 and r ^ thei 
distances from the principal point of the 
photograph. 

This relation is obtained because of 
the fact that 

h i - A I-V - a,-a o 


If the optical uis of the c«ra is tilted, as st.ted .bore (beet. 76). then 
the segments on the photograph will change with any change in the coordinates of 
their ends. The variation of these coordinates (without allowing for variation in 
flight alt.tude or in angle of rotation of the photograph in its own plane' ,s ex- 


= ~f. tan a 

■ i 


Therefore, if for the segment on the photograph the distance from a contour point 
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coinciding with the principal point to any other point is used and if this is 
adopted as the direction of the xx axis, then the change an the segment d will be 
n t run. expressed by the quantity 


r 'H\ \ 


TcT\ 

'\ 

orb or 


Fig. 17 1 - Determination of the 

Photographic base 

this point. Then 


which leads to an incorrect determination 
of the flight altitude. To eliminate the 
effect of this term on the distance d 
measured on the photograph, the segments 
must be selected along a single straight 
line passing through the principal point 
of the photograph, while the ends of the 
segsents must be symmetric relative to 


w * >ere X 1 an< ^ x 2 * rc ^e coordinates of both ends of the segsents on the horizontal 
photograph while x’^ and xi> are those (assumed as equal) of the sane points on the 
tilted photograph. The change in sign in the last term is due to the negative value 
of *2 and x*> of a point on the other side of the principal point. 

Adding the two expressions, and assuming that Xj ♦ x<> = d. we have 

d 2xj ' d ? 

i.e., a segment measured on a tilted photograph is equal to a segment measured on a 
horizontal photograph if the segment passes through the principal point of the pic- 
ture, and if its ends are equidistant from the principal point. 

Therefore, to determine the tlight altitude, a segment passing through the 
principal point, with its ends equidistant from this point, must be selected on the 


{ . 
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photograph. This segment as «ell as the distance between the corresponding points 
on the plin are then measured, after which the flight altitude is calculated from 
eq. (79). This flight altitude is obtained relative to a plane of elevation equal to 
the mean elevation of the segment ends (since rj = r 0 >. 

Hie photographic base can be determined from a plan phototri.ngul.tion network 
if the principal point of the photograph is taken for the vertex of direction. In 
this case ( Fig. 171 ) , the photographic base is represented by the expression: 

B - N,0, * OjOj-OjNj . 0,0, ♦ H . n « -H tan a . 

*1 *» 

„ „ H <84) 

- 0,0, * - (a, ( 

i.e.. the photographic b.ae will be equal to the sum of distance, on the map between 
the principal point and the product of the flight altitude plus the difference in 
longitudinal angle of tilt. If the plan phototri.ngul.tion network ha. been con- 
structed fro- working center, not coinciding with the principal points, then such a 
definition of the photographic base beco-es impossible; in that case, the measure- 
ment. are taken between the principal points of the photographs. Based on eq.(44). 
the relation between the distances on the photographs and those on the ground i. de- 
termined by the following equations: 


TT 1 2 ' ° l0 2 


H « U 2 - °2 ° 1 " — ^ *•" J 

-here o,„ 2 ' denotes the distance between the principal point, on the left photograph, 
while o 2 o 2 ' denotes the corresponding distance on the right photograph. Noting that 

'■*•1 ' T «, ~ ( *.r *, 5 ’ 


V 
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that, sincr the angles of tilt of 


the optical axis 


*e obtain: 


and tan a 


H 0i °2 = ° 1 °2 


12 


k o_ o , 

~°’°3 * °i°i * (a, - a , _ °» r t 

f ‘° 1 *» f k p «, 


Adding these two 


expressions and dividing their 


sum by two, will yield 


- 0 , 0 ,. ( 

H 2 ( « 


- a ) 

k P *i *j 


- B - Q,o, 


h + tj — H( a — a ) 

H Hp *, 


— ♦ ° 2 ° 1 2 f. 


°>°* * v| 


?f l 2 * O oj 


'*«, - «. > 


To determine the photographic base 

r.r — - ~~::r 



,f the phototriangulat ion ... perfo~d .t rU 

-ding with the nadir point then th ' ^ direCtio “ ~»«- 

P *"t. then the measured d.st.nce on the network , ex . ct . 
represent the photographic base as ««ctly 

P b ** e ,h '» P« r for.,„ (! tht phot wr ,«. rif , 

p Kra^es.nc dens i f K at ion 
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the COntr01 net ’° rk * **“ ohotopolygonometry (see Sect.,l 2) . the val- 

7 ° f the h ' 18ht ° f the Camera SCati °" are known in advance, and the values for the 
Ograph.c base, used in calculating the horizontal parallax difference, are ex- 
pressed by the function 


.here B is the v., U e for the photographic base obtained from running the photopoly- 
gonometric traverse, while „ is the height of the earner. station for the left photo- 
graph. above the horizontal plane intersecting the projection of the principal point 
of the right photograph at the ground. 

90 * £^ ottlp K the beli e f on the Stereoaeter 

Before starting to plot the relief ftr.cing horizontals, on the oriented ster- 
eo pair, a Table of readings fro- the parallax screw scale corresponding to a given 
onzontal a.,t be prepared. Hu, table of elevation is counted fro. 


7" P den ° teS ti,e re - d,n * th ' P - r ‘ IU * ~~ *. “elected horizontal 

h “ •" eU ’ at *° n h <*«- (initial, point which had a 


reading of P x when it was entered. 

The first step is to determine the minium, and 
multiples of the sections' for the horizontals to be 


he minimum and maximum elevations which are 
izontals to be plotted (i.e . 5. 10, or CO m). 


the floating mark ,s placed on the lowest and highest po.nts of the 
three-dimensional mode, (estimated bv eye by viewing the entire -odel), ,„d the ele- 

...... ., ..... ea... .u ....... ..... .... u.. 

“* !»..« -d lr~ ,h. 

“• ... i. ... 


Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 





Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 


of a given model. In this way, Column 1 of the Table of elevations can oe 
fi 1 led out if the smallest section ls taken as a multiple of the assigned and some- 
«hat lower elevatton of the lowest point, while the highest value exceeds the eleva- 
tion of Lne point with the greatest elevation. 

The readings on the parallax screw scale are calculated in the same way for the 
remaining sections and are entered in Column 2 of the Table. In compiling the Table 
computations are made every 50 - 100 m cross section, and intermediate values are ob- 
tained by interpolation, as shown in Columns 3 and 4. Difference, between section, 
in the readings of the parallax screw scale obtained by interpolation, are entered 
in Column 4 of the Table of elevations, which makes it possible to obtain readings 
for all sections within the selected range. 


Height of 

Horizontal 

— ■ — l 

CoagMted 

Value 

Interpolation 

Di fference 

Di fference 
between 

Hori aontals 

nm 

Seal e 

Readings 

1 

2 

3 



4 

5 



70.39 

0.27 

70.66 

0.27 

70.93 

0.27 

' 71.20 

0.28 j 

71.48 

0.28 ; 

71.76 

0.28 ! 

72.04 

0.28 

"2.32 

0.2P 

72.60 

0 . 2 ° 

72. 

0.20 

73.18 


Before plotting the horisont.l, . the observer must stereoscopic. 1 ly view the 
entire are. of the stereo pair to interpret properly the general character of the 
relief. In doing this, special attention should be F a,d to the hvdrographic svstem 
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and the direction of divides md thalwegs I„ 
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sinple Stereo nr WhUe StUdyi "« under a 

a r lap 1 e stereoscope. Of considerable aid .. 
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... * i. .h. ... 

- ^irrr: r- •; - - 

of the and*! ^ P of .11 characteristic points 

1 thc " odel . «nd to calculate first th, Aiff 

poaaible to plot horizontals by interpolation later, using the stere 

method of viewing In th. stereoscopic 

h,S ^ « *- —a of the parallsz 
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1 

4 


1 


by matching the hair with some point of the model and taking a reading on the scale 
of the parallax screw. The height of this point calculated from the horizontal par- 
allax should coincide with that read off the plotted horizontal. A second check is 
made by recording with the adjacent stereo pairs, and also by using elevation con- 
trol points that had not been used in the stereometer work. 

The junctions of the horizontals with the adjacent stereo pairs give their most 
likely position; this summation of the horizontals can be done in two ways: In the 
first or visual method, two adjacent photographs already containing the horizontals 
are placed side by side, and the position of each horizontal compared is checked 
from the relief. This method should be used for comparatively flat relief.with the 
horizontals not closer together than 5 - 10 mm. The second method is the stereosco- 
pic method of plotting the horizontals, which is done under a simple stereoscope. 
After an analysis of the recording, the new position of tie horizontal i, marked and 
should correspond to the marked relief. 


1 91 • Processing of Prints of a Mountainous Terrain 


The processing of photographs of mountainous terrain on a slereometer has spe- 
cific features due to the fact that the instrument is equipped with auxiliary cor- 
rective attachments. The main corrective attachments of the stereometer, as shorn 
in Section 86. take into account the influence of the first four terms of the above 
equation, while the last two terms refer to the auxiliary attachments. However, when 
the relief of the terrain is pronounced, these terms may strongly influence the var- 
iation in horizontal parallax. For example, for photography at an altitude of 
3500m with a base on the survey scale equal to 70 mm, at an elevation difference of 


the selected point over the datu» point of 750 m, i = 2* f 

*2 k 


70 


n, and x 


, - o. 


the horizontal parallax difference will be 15 -a, while the influence of the next to 
the last term will be 1 mm, corresponding to an elevation difference of 50 m. Thus, 
at pronounced relief, the failure to allow for the last two terms in eq.<72> will 


310 
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lead to errors in elevation amounting to several tens of meters. 

Therefore, for cases of considerable fluctuation in the relief of a photographed 
area, the orientation of the photographs on the stereometer and the plotting of the 
relief must be performed with the angles y, and y 2 set on the correction attach- 
ments so as to satisfy eq.<72). At the same time, it is evident that the values of 
the angles Yl and y 2 depend on the elements of exterior orientation, the angles « x 
and u 2 . With which the corrective terms id and T are correlated. Therefore, assum- 
ing in first approximation that AH - 0 and Xj - x . 0. we cm write: 


•n.e conclusion as to equality „f the angles Xl -nd snd equality of the 
flight altitudes can be reached since, on orientating the photographs on the stereo- 
meter according to their initial direction, the difference between the angles x , and 
X2 Will be very small, while the difference in flight altitudes of two adjacent pho- 
tograph. of the same flight strip will also always be small. Of course, such an as- 
sumption will lead to some errors in the determination of the angles a and w. but 

* 2 * * 

these are minor. 

On the basis of eq.(88) for the angles and w, and of eq.<72>, we can write 

2d 2d^dfj | c a, j 


ffcOb bC 


Therefore, the processing of photographs of mountainous terrain on the stereometer 
■Wist be performed in the following sequence 
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Aft. r placinK the photographs on the stereometer they are oriented by the aboye 

-ethod with an -ccuracy to within „. 1 mm. but unel iminated residual errors for the 
control points may .till remain. After this, readings of Ad and u are taken fro. 

S of the instrument, making lt possible to calculate the angles Y j and y 2 
and the corrective ter. Vp from the equations: 


r, - — p 


2 “ V 


f k p *» 


2bApAdf k p 

f k Pd2b 


-hUe the last corrective ter. i. calculated fro. the calculated horizontal paral- 
lax difference for .11 control point.. 

The calculated value, of the angle, y, and y2 .re aet on the correction attach- 
-ant. of the inatru^nt. while the calculated horizontal parallax difference, of .1, 
control point, are corrected by the value of 6"p. This setting ^ke. it poa.ible 
to perfor. a secondary orientation of the photograph, on the atere<*eter according 
to the above syste.. a. . result of which there should be no residua, error, at the 
control points. The for. for orientation record is shown in the folioaing Table. 

Columns I, 2. 3. and 4 are filled out before the first orientation and Coliuan. 5 
and «. before the second. Then the relief is plotted under the ste™ter bv a 
method analogous to tha* Oescribed above, except for the fact that, in calculating 
the reading, of the horizontal parallax screw, the correction 6"p must be taken in- 
to account. Therefore, in calculating the Table of elevation, (given below), the 
horizontals are entered in Colua. 1. the elevation difference, of a few contours 


reUtlTC " thC d * tU “ P °* nt — 1 Co*- the calculated values of hoc- 
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zontal parallax differences in Column 3, the correction for calculated parallax di f 
ference in Column 4, and the sum of the calculated difference plus the correction ir 
Column 5. The difference between the obtained values is taken, entered in Column 6, 
and interpolated among the remaining sections. The result of t:»i s interpolation is 
entered in Column 7, which makes it possible to obtain readings on the horizontal 
parallax screw, adding the obtained values to the initial reading. 

92 . The Precision Ibtcreomctcr 

In a number of cases, for work requiring high accuracy in measuring the hori- 
zontal parallax difference, a precision stereometer is used. A precision stereome- 
ter is the same general design as a topographic stereometer. The basic difference 



F i g . | 7 2 - The Precision Stereometer 

betweer a precision stereome ter ami a topographic steieometer are use of points as 
measuring marks instead of cross hairs; use of a binocular microscope like that in 
a stereocomparator ; use of negatives instead of contact prints for measuring; and a 
special system for the corrective attachment n 

o 

. the base ] (Fig.l“2) of the precision stereometer, tracks serving as the xx 

axis of the instrument, are mounted. The mam carrier 3. moved by turning the hand 
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t e negative holder 5 with the attached negatives, can be moved along these seconder, 
tracks, •n.e carrier 4 is shifted along the « axis of the in.trn.ent by .cans of the 
parallax screw 6. with the resultant displ.ce.ent read fro. the scale and drum 7 
-rth an accuracy up to 0.01 Besides moving .long the xx th> right 

can also wove in direction of the yy . xi s „f the instruct, independently of the 

Uft carrier. Tlii. movement is accomplished by „f the transverse parallax 

screw 8. 



fig. . Corrective Att.ch.eat of the Precision St.reon.ter 

The left negative ,s pl.ced into the plate holder 0. which is placed on the 
left carrier 10. which also can be .oved independently of the right carrier a.ong 
tracks located on the ..in carrier 3. This d,spl.ce.e„t effected by the correc- 
ts attachments of the instruct snd is intended to co.pens.te the influence of 
the elects of the exterior orientation of both photographs on the change in hori- 
zontal parallax. The correction attaint, used for covenanting the effect if 
the difference in flight altitude and the longitudinal angle, of tilt of the two 
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photographs, consists of two vertical straightedges, rotating about a fixed axis, on 
which the graduated circle 11 for calculating the angles of rotation of the straight- 
edges (Fig. 173) is located. The straightedge 12, over a scissors arrangement is 
pressed against a roller, located on the moving part of the support 13. Support 13 
is rigidly attached to the main carrier 3 of the stereometer. The second straight- 
edge 14. again over a scissors arrangement, is pressed to a roller, connected with 
the movable part of the support 15. This support 15 is connected with the left car- 
rier 10. The position of the rollers of the support can be changed separately rela- 
tive to the carriers by turning the small drums 16 and 17, which makes it po sible 
to change the length d of the corrective rulers. By turning the screw 18, the 
straightedge 14 can be rotated through the angle 0 ; correspondingly, the reading is 
taken from the scale of the graduated circle 11. 

The precision stereometer is equipped with a special correction attachment to 
allow for the influence of the lateral angles of tilt, which rotates the left photo- 
graph in its plane through the angle p. A vertical shaft is mounted to the stand 1 
about which the ruler 19 is rotated in its plane through the angle q q . After the 
r,l ^ cr ^ (Figs. 172 and 174) is turned, it is fixed in its new position, and the ro- 
tation is read off the scale. A roller, ending in the bar 20 and placed in a hori- 
zontal plane, is pressed against ruler 19 by scissors. The other end of the bar 20 
is connected to the bracket 21, which is fastened to plate holder 9 which can be ro- 
tated in its plane about a spindle passing through its center. When the ruler 19 is 
turned and the main carrier 3 is moves along the xx axis of the instrument, the rol- 
ler of the bar 20 will move on the yy axis of the instrument, which will cause the 
plate holder 9 to turn through the angle p . The final corrective motion is effected 
by rotating the plate holder in its plane through the constant angle t . 

The observation of various points of the photographs on a precision stereometer 
is carried out with the aid of marks, located in the focal planes of the eyepieces 
of the binocular microscope. The axiving part 22 of the binocular 


microscope is 


317 
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moved by the handwheel 23on the yy axis of the instrument. The fixed part 24 of the 
binocular microscope is rigidly attached to the base 1 of the stereometer. The ob- 
servation system of the stereometer has a magnification of about 3.5. The work on 
the precision stereometer is exactly the same as that described above for the topo- 
graphic stereometer. The instrument is often used as a stereocomparator, with the 
correction attachaient set at the initial (zero) position. 



F i b . i 7 4 


Schematic Diagram of the Variation in Rotation 
of the Photograph 


Since the precision stereometer contains no auxiliary correction attachments 
for the combined influence of relief and angles of tilt, another method must be used 
for processing photographs of mountainous terrain. In this case, after the first 
orientation, the equation 

vAp ( x - b ) A n/i d 

~t '*'2 

* k k 


2(x - b lap 




bd 


vA P 

b. 


(90) 


is used for calculating the corrective terms in the horizontal parallax difference 
of all control points; this makes it possible to carry out a final orientation. In 
plotting the relief, instead of automatic application of the corrections 6d and , 
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they are applied manually on the basis of calculations according to 

6d - &dAp 


6t 


xAp 

b 


(91) 


Which follows fro. the fact that during operation of the correction attachments for 
Ad and x. the change in the absciss, takes place according to the equation 


* 6t 

— 5d * y 

d p 


(92) 


A conpariaon of eqa.(90) and (92) readily indicates the accuracy of eq.( 91 ). 

O. the baai, „f the .bore ache-atic diagra.. . standard for. for the orienta- 
tion record ia shown in the Tables given below. 

In thi, record. Colmana 1 . 2. 3. and 4 are filled out after the first orienta- 
tion. after which corrections 6’p are detenained fro. eq.(90). This permits a sec- 
ond orientation. A Table of elevation,. i„ the for. ahown below, is .1, 0 prepared. 

Thus, the changes 6d and 6x are delated only for certain .actions. i„ order 
that their difference, do not exceed 5-6* ; and the values are aet on the ac.le of 
the corrective attaeh—t. only for the.e section.. Inter^di.te sections are ob- 
tained - 1 th the sa-e settings, .ithout perceptible error, in the final result. The 
quantity S"pis calculated by interpolation for all sections. 

The precision stereo^ter ,s used basically for measuring horitont.l and trans- 
verse parslla, and for measuring the angles between the initial directions. 
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CHAPTER XI 

HOW TO MAKE THE ORIGINAL OF A MAP 

The end product of the related proce.sea of aerial photography, .reodedic sur- 
«r.. topographic aurreya . photogr.awetry . and cartographic work i, a _p, „„ „ hich 

•re repreaented. ,n their proper perspective, all the »ital characteriatica of the 
area . 

There are several different methods of co^>iling original map. The .elec- 
tion of any one nethod i. governed by the technical and econonic condition, at hand 
•Ad by the characteriatica of the topography of the napped , r e. 

93 ‘ ■ Map of Flat Terrain by Making a Photon p 

A photonap or noa.ic i. uaually the ba.i. for making a nap of flat terrain. 

The terrain interpretation and surveying (or the at.reoacop.c plotting) of the re- 
lief can be perforned at thla at.ge or directly on the photo«p, or on the contact 
-print, and sonetiaes even on the mosaic itself. 

The photoenp mosaic, obtained tv aa.enblv of aerial photograph., is uauallv 
! preSerTed « or.a.nai. The photonap ,s reproduced in nn. copiea for further 

field -or), lor field surveying „i the terrain and also for ultimate exploitation 
i bY u * er »- Reproduction la done by photographing the mosaic, while strictly 

! ■ <nwr,np co accurate apec i f ic. t ion. as to site oi the negative frane; then, the 
j -osatc .a printed on photographic paper. the required nunler of copies. hor 
I accurate work the ph-togr aphic paper is f.rst glued to . rigid alum. no* base. 
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If the terrain interpretation and relief . 

, f i>urve y in ^ are done directly on fU 

photons p copy, the work copy of , he oho, , 

~ — — - ........ s~”r ~ d ™-" -■ 

- - .... ;;;z ■ ,T“ ■;/- 

'•“ h ~ ‘ fc * ‘-m , «. ... “ 

This , s done bv P 0,m,p “ ,th d ta«n-i„ contours. 

.k P "°“" P * 55 

...» d * • "■* - 1 ” -*— ■ .. 

17 7“ ■ •' ■” 5 -■». - .... ...... 

present the I„d, a lnk fro , „. hln(t off d(lrinR the above .„„ t 

::;:r :„7- - - •- - - — - - - r- 

:;;T - n« ..... .. 

Of transferring the layout and relief fron the „ 

1" Bo solved t„ sever., -ay.. P "" t8 ^ Ph0t ~“”- ^ 

In areas of bold relief - 

. ..... «... . .7.7” “ 7" - *- 

... u th . .:,r — : :jt r ,h * hrt “ u 

Print and the photowap. However 

lf ^ terr * ln Uck * *”>“ -t-t on the prints , the relief and , 

ter*in-d - -k relief and layout can be de- 

lth *h,ch pern.ta the vie.in* of two fr 

, different scales as is th Pri " tS ° f 

The steps of this pr ^ engineer Basht.nV 

P of this process be described ^ ^ equa] 

" Pr,nl lKe ~ 
re next determined and corres pond , n K lenses are installed 

stereoscope. lhese are moved over the photonap „„t,| the ,a-ae of the c 

—• ■— ~ “• — — - - ...... i 


*See (description of the F 


lashtar stei 


renscope. 
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ponding contours „„ the photonap. and the contour points on the rest of the print 
are properly ortented xn relatxon to thexr correspond xnp point. on the photoenp. 

Vxt. the print xs -red alon* the XX .xi. of the instrument. usx„ K the lar*e mirror. 
Fhe lens, through .hxch the photomap xs vie.ed, ls moved alon K the ZZ axxs The 
contour xma«es of the prxnt and the photoa.p are thus superimposed. After thxs , the 
detailed layout and the contour Ixnes of the prxnt, visible as superimposed contour 
lines on the photomap. are traced on the photomap itself 

It is of interest that. ,n usm* the Bsshtan stereoscope, the transform x« K e 
.of the photomap xs superimposed with the ima,re of the prxnt. -hxch xs distorted due 
to the txlt at the time of photographing Consequently, the contours of the print 
C.n be superposed onto the photo-p only -hen thxs anp.e of txlt ,s ne,„*ible. Ln- 
der adyerse conditions, ho-ever. the contours are super, .poaed a section at a t,«. 
The contour, and other detaxls such case, are also plotted by sect. on. . 

Durxn* this s.ctxon.l tracing ,t advisable to keep checkin* on proper coin- 
cidence of the contour lines ietween the sections. 

After plottxn*. the photomap ,s retouched and corrected on the basts „f f.eld 

surveys, to confirm completeness and correctness of the contours transferred to the 
prints . 

Next a blueprint of the photo-p ,s made -hxch xs th n submitted for reproduc- 
tion processing. 

To transfer contour lxnes and terrain interprets t ,„„s fro* pr.nts onto photo- 
«ps, other mstruments can be used such as pantograph, projector, o, plotter. 1 ,e 
of th«»s** instruments is descriieH he 1 nrn 

94 Preprint the Graph ic Map 

In «k<nr aaps of flat terra, n. as xnd.cated above, the usual uethod xs to 
prepare fxrst a photomap. Ho-ever, even the case ol flat terra, n ,t ,s absolute- 
ly necessarv to prepare the nap from aerial photoeraphs. especially renoyations 


U 
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1 “ 

of obsolete maps or in using difierent aerial photographs (as in warfare 

In this case, ail elements ol the reiie*' plan are transferred to * ue basic plan, 
where they are drawn in irom field data or from pho to in terp - * ta t ion , or else trom 
field or paotonap surveys of the relief. 

To transpose the contours and horizontals irom the photoprint to the base, i.e. , 
to orient the print with the base and to interpolate its form to the scale ol the 
aap, a network matching control points is selected on the photograph and on the map 
At least four control points are necessary for calculating the transiormation. These 
control points can be located with the aid of phototrianguiation or by photographic 
traverse surveying. For revision of obsolete maps, the control points can be sub- 
stituted by unchanged contour points on the map, which can be identified on the pho- 
tographs. 

The actual transfer of the horizontals and contours from the photograph to the 
1S accomplished by a projector or a pantograph. The roost commonly used instru- 
ment for transferring to maps is the projector which is able to transfer the image 
of the photograpn to the map ana eliminates the common mistake of confusing the re- 
lief outlines with the contour lines. A pantograph does not transform the photo- 
graph. so that distortion occurs in the elements which transfer the reliei outlines 
and contours, caused the tilt distortion of the photograph. Therefore, when using a 
pantograph, the photographs are handled in sections of limited size so that the mar- 
ginal error will not be large with respect to the map. In this case, the tracing of 
the sections is done after the photograph is reduced, with the limits ot the control 
points thus representing tlw* true area ot the section on tne photograph. 

Occasional 1 y , on field trips the oni\ available instrument is the pantograph. 

In using the pantograph tne scale ratio ana orientation of the photograph is 
achieved with two ol the control points, the results being checked with the rest of 
toe control points 'of the entire print or a section ot it>. After superimposing 
the control points, the tracing ol contours ana horizontals is done. The pantogr^>h 


12 * 
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tioes not permit simultaneous observation of all tne control points (and contouis) ol 
.the print ana map, which lowers the ac uracy ol establishing the proper scale and 


orientation of the print, anu thus i, 


wers the final quality of the map. 


* OC - developing the Graphic Flan of Areas with Bold Bel ief 

For areas with bold relief, to.' cases in which superposition of control points 
of the relief is used, the number of sections resulting Iron, the large number of 
such control points, makes sectional t rans forest ion an impractical process so that 
no photomaps are maoe. In such cases, a graphic plan (map coa^osite) is prepared 
from aerial photograpns . on whicn contours and horizontals are plotted. 

A composite graphic plan from photographs can be prepared by using different 
prints (projector) or by constructing a topographic model of the area with the aid 
«t a stereo pair and the stereoscopic plotter designed by Konshin, known as the mul- 
tiplex. Measurements are taken from che model upon its completion. 

* Both of these variants are based on tne conuitions under which the pnotogrg)ti 
zng of the area was performed, with a single photograpn or by an overlapping pair of 
aerial photograpns. 

Aaauae that, at the instant of photographing. the optical axis of the aerial 
C ““ r * *** at ‘“ exacti ? vertical position, hut that tne surface of the area was at 
*" * n * le oifterin* considerably Iroa tne horizontal plane. Then, according to the 
rules of polyconic projection, the image ol any point on tne surface being photo- 
graphed will be deviate, froa. the orthographic projection ol the saaie point. As is 
known . the extent ol suet, discrepant. is called reliet distortion whicn changes 


vi th tne initial h,-. r i n t , 


>r lginai horizontal plane 


passes through the point on the nurf.ee being photographed, the orthographic projec- 
tion of this point will coincide w, ... its location in the area ana the relief dis 
to rt ion is eliminated f roai the photoiiraph. Luc to tne fact mat during tne oisptac- 
•ent of the initial horizontal plane, a mange m the uista.ee between tt ana t.te 


L/ 
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nter of projection takes niace. tn e point on tne ground can be made to coincide 

. .... ... ........... ... ........ ... ........ o . ...... 

.. ... b . ..... ... 

• o. ....... .... ..... .... h. .. 

.. . .... ... ...... ... 

lrom the center oi projection to the kno»n ho-izontal plane. Thus the 
aen al ^topraph ol . plane area wlU baye . , ar , abJe scaJe ^ ^ ^ 

ch.„ ge aith any chanpe the eleyation of the terr#in accordiaK ^ the reiat on 


"* lerC ^ ^ 8C * le ° f '« » — Po.nc of the photograph. rtlch 

“ - .~<e of Chi, pome on the Rround , t _ , ltltude „ relatire ^ ^ 

nont.l pime. Because of this, prep.r.np a prsph.c plan trom such pboto _ 

• graphs, the e.rt.t.on of the scale -.thin the photoprsph „, t be tai(en lnto 

‘“O"' the Pr0, - er SCa1 ' r * l ‘° for esch cross section. , c . 

cordance aith the scale of the ■» , , . . 

. „ P 11 thC » C ‘ le °* th ' co^os.te ..p ,s denoted by 

“ d ' n0tM thC “ C * ie «* «*> - photo* raph, the value of „ „ U 

-rff.r for each section „d csn he «ter.i„eo fro. the e.u.cion 


1 1 




In practical a PP , lca t lon . chanpMnp the value ol h ,„ r each sect.oh heco.es a 
-luus prohle.. so that this ,s pener..,, hot done lor each luoivioual sect. on hut 
omy for each area sect.oh, ahd uouer conditions .here the di f ferehce hetaeen poly- 
- conic ano orthoponal projection does not esceeo the specified accuracy li.its of 

^ '^ ie ^ ^ — * a praph.c p ! an p y S ec 

• tions, having the elevations h, and h, then the errors to uc especteo are oeter- 
minea from the ctpiation 


9 
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T 


Ak 


H-h, 


h-h. 


AZ 


f k M 

f Ak 


(95) 

(96) 


where A Z 
Z 

Ak 


Error on the map; 

a section, being transferred to the map; 

error produced by using the coefficient k, instead of k, in preparing the 
graphic map. 

It the permissible error LI is 0.5 mm. the segment ! is equal to SO mm. the 
acale for the graphic plan is 1:100,000. and f k = 70 mm, then 


Ak 


0.5 


50 


100 


; h« 


70 x ioo 


100 


= 70 


Therefore, within the limits of 70 m it is permissible to use the constant value ol 
k I' * R|U, » »hen marking contour lines of 70 m interval on the photograph, it is per- 
missible to transpose directly from the photograph onto the map all contours and 
hon zontais lying within the boundary of one section, which is defined by a constant 
reduction factor. For contours lyinj within the limits of another section, the re- 
duction factor must be changed in accordance with the above equation. Such a change 
in the reduction factor and, consequently, the preparation of the map. is feasible 
by using various instruments. In actual practice, however, a strictly vertical 
position of the optical axis of the camera is never encountered, so that the aerial 
photograph ,s usually taken at a tilt In such cases, in aadition to changing the 
scale of the print to compensate for the slope of the terrain, further adjustment 
m values is required to compensate for the angle of tilt. Therefore, in preparing 
a graphic map. not only the reduction lactor has to be changeo for the various sec 
tions of the photograph, tut the photograph must also he transformed The instru 
ments used in making the graphic map ciust he capable ol solving both problems. 
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i ' 


^ Map „t h the Aio of a Pro.ector (or Transforming p rinr ., t 

The -.in parts of the projector (Fig. ITS , are the camera 1 a„o the attacheo 

Ukht SO “ rCe 2 ’ BV meanS °‘ 3 s P eclal °»°un ti ng bracket 3. the camera is suspenced 
from the horizontal track 4 which. in turn. i. mounted to the vertical track <. The 

camera. together with the light 

source and the horizontal track, 

can be shifted vertically over the 

screw 6. The vertical tracks are 

mounted to the oase 7 which has 

three leveling screws. 

The camera haa linear motion 

•long the X. y. and Z axe. of the 

instrument. The motion along the 

X axis is accomplished by the 

bracket 3, along the horizontal 

track 4 over the screw 8. Motion 

along the Y axis is achieved by 

moving the horizontal pivot shaft 9 

in its sleeve by means of the screw 

_ b v 10 Vtotion along the 2 axis 

Fig. 175 - Projector 

tor large ranges, is effected by 

monng the hor, innta, track 4 a lon g the vert.ca, track < anu U am.U ranges 
-oving the xert.cai shait of the bracket I] .,th the , . . ... 

C«er, has three angu.ar motions tne action a, the XZ pi«J7. ^ 
pl«« perpendicular tc it; and the motion * a rot.r, plane >bout , t , _ _ 

T.e -era ,s rotated through the angle 1 , bv turn.ng tne acre. H. through the an- 
, e v hv turning the sere. 13; aao through the angle , nv turning tne sere. 

The size of the projector camera is * * * cni ^ * , , 

Ihe focal length oi tne camera is 

330 
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S2. 2 mm. The local length can be adjuster lor obtaining a sharply defined image 
when its scale is changed. This is done by screwing the lens in ^r out over the ad- 
justing ring 16. 

Malting the graphic plan by sections has its peculiarities which are commonly 
aivioed into the following processes: a) preparation of the pnotographs ana making 
negatives ot them, o) transformation of the photograph ana sectional plotting of 
contours and horizontals, c) fitting in the contours and horizontals. 

Th® preparation of the photographs consists in selecting the sections for 
transformation, making correction* oi the relief in relation to the transformation 
points on the base, bleaching out the image on the drawings, and preparing the nega- 
tives for the projector. 

The photographic image is bleached out to make the maps readable as to drawn- m 
Without bleaching, details of the terrain features (woods, roaas, etc. ) are 
lost in the underexposed and shaded portions of the photograph. The bleaching of 
photographs is accomplished in the szme manner as in the case ol photomaps. 

Th* negatives of the bleached prints are produced by photographing them with 
the same projector as used for preparing the map. At this tine, the print is re- 
duced in size to the size of the projector plate holder. 

In processing the negative, the aerial photograph is so placed on the screen 
that its nadir point coincides on the screen with the projection center of the con- 
tact frame ol the projector camera. The frame itself must be horizontal at this 


In selecting the sections for transformation, the interval between the 


is calculated from the height h' (fig. 74' which 


v i e i dea the maximum limit ‘M of 


residual displacement of relief on the scale of the plan. In accordance with eqs. 
(17^ ano 125), the value ol h' is determined from the equation 


where a n denotes the ai stance from the nadir point to the edge of the working sur- 


i. 


u 
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Jace of the photograph, ..e., to the trans format . on point at the scafe oi the map : 
limits are usually permissible to 0.4 nan. 

having determined the interval h', the Lounciar.es of the sections are aete.mined 
and marked on the ( Tint, tracing the horizontals ano defining the elevation ot the 
mean planes T i of the sections (Fi* .74) 

The corrections for relief are calculated from eq. ( 25 ) and are applied to the 
positions of the points on the base. The new position of the points is marked with 
a sharp pencil, but without pricking Corrections less than O S mm are not made, 
but their direction is markeo by an arrow, next to which the value for the correc- 
tion IS entered. lairing the tr.ns format ion, they estimated by eye measure. Correc- 
tions for relief are applied to the position of transformation aunts only for the 
initial section, for the elevation difference of these points with respect to the 
ftean plane T Q of this initial section. 

For projection, the negatives are placed into the projector, and tne principal 
point (nadir point) of the print is aligned with the principal point „1 the projec- 
tor camera, which is determined hy observation on the screen. The print is then 
trsn.formed fro- the trsnsfo rm.tion points of the b.se only for the -esn plsne T 0 of 
the initial section. After transformation in accordance with the projected image, 
the baae coa*oa,te ,, left on the plane table and the contour lines snd horizontal, 
are drawn in pencil within the boundary limits of this initial section. 

lor transferring the contours and horizontals to another adjacent section (a. 

-ell as to ail following zones), the scale of the image ,s varied without changing 
the tut ol the photograph. fin pass, ng from one sect. on ... the other, the scale is 


changed by varying the height oi the projector above the plane table by the .quantity 
tz, which is determined by the equation 


-here * denote, the height o. the projector above the screen during the transfonn,- 
tion ol the print t o tne mean plane the first section h ,s the height difference 
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in Posing iron, one section to the other: II’ ,s the heignt of the camera station 
ai>ove the mein plane ot the first section. 

The change in scale, when going from one section to the next, can he controlled 
oy the ai stance between two oistant points on the print (e.g. . transformation points) 
This distance is plotted on paper (or stencil) and the corrections lor relief are 
constructed for its end points when passing Iron, the mean plane T Q ol the initial 
section to the mean plane T of all other sections of the photograph. For example, 
let h' - 30 oi. t.ie height ol the initial plane for the second section T„ = 200 m. 
and the height of the mean plane of the first, third, and fourth section be 
T 1 170 "• T 3 * 230 T 4 - 2*0 m. Then the correction tor relief variation for 

the two transformation points x , , x , having the elevation h, = 180 m and h, - 230 m 
are calculated iron their elevation differences. 


For 

tne 

initial section 

*°1 * 

- 20 

«. 

h° 2 

♦ 30 n 

For 

the 

first section 

h ' 1 ’ 

♦ 10 

to; 

h 1 2 - 

♦60 ” 

For 

tne 

thi rd section 

hi™ - 

- so 

m; 

ho™ - 

0 ” 

For 

the 

fourth section 

hr m - 

-P0 

m, 

hn""- 

-30 ” 


These corrections for the points xj and xo are laid off on a strip of paper; 
•hen adjusted to the scale for the first section, the images of the points x, and x, 
of the photograph must coincide -itn their location on the paper, adjusted after the 
corrections for elevation di Terence h’, - M0 m and h’a M0 m: for the third rone 

from points displaced by the elevation distance of h’,”" -'0 m. h V ■), etc. have 
been made. After adjusting the scale for each successive section, tne contours ano 
horizontals are transferred from the photograpn to the map w.thin the bou.ioart 
limits ot eacn separate sect .on .see fig.*,) Prior to this, the tracing tab., ,s 
oriented by points ana contours of the image for each ot the sections (except for 
the initial rone I. The need for such orientation arises from the fact that in 
changing the height ol tne projector, tne image points are d.spf.ceu ,n proportion 
to tneir distances from the perpendicular to the base p 1 ane intersecting the ier.s 


u 


Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 





Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 



center oi the projector. (Jn tilting trie projector the nadir point is displaced iron, 
this vertical so that, besides a change in the scale, there will be a general shift 
ot the image =n the tracing table. Pecause of this, after changing the scale, the 
tracing table is moved to realign the projected image ol the nadir point with its 
position marked on the table, and the table is rotated in such a way that the radi ol s 
from the nadir point to the control points (transformation) coincioe with tnose of 
the image. 

Luring tne transformation oi the photograpn by means of the projector, it must 
be borne in mind that the projector has no devices for maintaining the conditions of 
correct transformation, anc that a strictly accurate transformation is possible only 
if the projector is used as transforming printer of category I. 

In processing photographs with poor similarity of the elements of interior 
orientation, certain distortions in the image will result, which oo not become evi- 
dent at low angle, of tilt, such as 1«5'. However, at high angles of tilt, the 
points on the tracing table will not coincide with those ol the image so that a 
graphic map with this type photographs must be prepared unaer identical conditions 
on a tran.fonamg printer. In manv cases it becomes advisable to lirst transform 
the photographs with large angle of tilt and then co process them with a projector 
by the above described method. 

After completing the transfer of the situation and relief from the photograph 
to the map. the transferred elesients are recorded and the accuracy and completeness 
of transfer is checked against the photographs in add, non. the margins and kilc 
meter grid of the trapeioid are checked. for Una. reproduction, a blueprint ,s 
mace ol the corrected plotting board. 


It 


is recowmienoen to prepare the map at a slightly iarger than that oi 

the final map at a coefficient of enfargement of 1.2- 1.3. to level out the errors 
of computation and drafting curing subsequent reduction of scale. 


I J 
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9 ’ a Crapnic Ran with a Stereoscopi c Plotter 

The stereoscopic plotter, i lustrated in Fig. 176, is actually a stereoscope 
permitting a simultaneous yiewing of the stereo model an«l the plane table. The 
stereoscope is located underneath the plotter itself, which allows the tracing of 
the graphic plan simultaneously with the stereoscopic plotting ol the relief. 



Fig. 176 - Stereoscopic Plotter 

To the base 1 of the instrument the vertical tracks 2 are mounted, along which 

the carrier 4 is oisplaced by turning the hand wheel ?. The carrier contains the 

photograph holders 6 as well as the optical system of tne instrument. 

n.e optical svstem <F,e. i'e and 1“ ' consist, ol a mirror l and cu6e!> Ucn 

of these cubes is mode up of two nn«« . . w 

p n s*_ 1 -..^ r aiong tne diagonal plane. 

Half of inis oiagon.l plane is silrered and thus simultaneously permits passage of 

fight beams coming from the points on the ptane taPie and reflection of light beam. 

coming from the photogrsph. to reach the eye ol the oSserser. I.ue to this the ob- 

server sees both photograph ano plan at the same instant. 


Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 






Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 


The cubes 7 ana the right mirror are rigidly attached to the housing 4. The 
left nu rror 8 and the left print holder are attached to a aecondai y carrier moved b, 
the screw 9 along the cam carrier parallel to the eye base. This shifts the left 
mirror along its own parallel plane, together with the print, producing an elonga- 
tion of the light beam and a reduction of the field of slew of the laiage. This com- 
pensates for the scale difference, dre to photographing at various altitude.. 

Any print placed in the instrument can be adjusted in any direction to orient 
it in space (external orientation), i.e., by rotating it through the angle by 

means of the screw 10, about the hon- 
T f zontal axis perpendicular to the eye 

S' -*V“ — base. file rotation »> takes place about 

y/K " 7 Q [7 "" "/ thC * Xla P er P«*»diculxr to the axis of 

\ r \ i l ^ rotation and is accomplished by the 

" 1 5 v I — I < 

PW1NT \ j screw 11. The rotation of the print in 

rS plotting »oa*c 1 ts own P 1 ane - *bout an axis perpen- 

dicular to the axes of rotation a x and 

Fig. 177 - Schematic Diagraai of the 

“ i* uccomplished ower the screw 12. 

stereoscopic Plotter 

The displ aceaient of the print in its 

pinna along the xx axi, (for a horixont.i print, parallel to the eye base) ,, 
pi i shed by the screw 18, and along the yy axis by the screw 14. The extent of all 
of these displacements is res, stereo on the corresponding instrument scales. 

The displacement of the carrier 4. which -owes the optical system and print, 
along the tracks ?. relative to the plotting bo.rd JA produce, a noticeable chang 
.n scale on the plott.ng boaru. thus providing a means of adjusting the viewed im- 
age ol the print to the same scale as that on the plotting bo.rd. In addition, 
this motion permits me.sunng the stereo model by means of intersecting its surface 
at the plane at various elevations. 4 dial indicator ,s provided tor measuring 
this motion along the vertical track. The slewing „ done through a set of binoc 
ulars IE, fitted on top of tne instrument which also provides a comfortable view,. 
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Position tor the wJ 

e 0 N er ver' s head 


■ t Par8tl0n ° f ** gra ^ hic «ap by means of the 

" ajn Cat — -••! "station of the Ster “ S “- iaiis lnto 

plan ana actuaj — — s of to the controi — - - 

ln accordance th th acco «*Pl »shed by tr,n sfonil 

«>th the control p„ lnts ( print separately 

Consequently „ °r»ation points) „ r , 

’ rf ^ -r. applied tQ POlntS) ° f tha Pitting board. 

- - - ■— t - ~ - — 

/ ^ “• T “ .r 

• o p..., b „ „ *■“ ...... 

• •; — *- .... .. _:r.:r - — — - 

"** Pl “ ** Prepared rtlle „ Projector,,. 

■ I-ft and righVZr ^ “ ere ° — an i„di, lduaJ 

. - — . .. «... .... ... irrr," 1 " “ — — - 

■■■ “• — - *** ..... *». „ “■ - ...... 

- — -« ... ......... » - ... .... 

~~ - ... ...... ... ........ .„ ... 

c «P«M.te for th* n P holaer through t. lce th 

- .. ** — -• ~ * - 

“* ** “ acco rdance nith the developed stereo TOael of 

the be.ght „f the c 

system V1 |i . 4 ' to ^ether with tk 

eb ' 

the orientation .1 th respect to t ' OW ' ' bUt ' lU " ot -f<~ct or 

^ — » - -^section o, t f ^ ‘ ^ —option. 

^-ro. «t different ' °* ^ . , 

"t ' J "-tions ff,g. 178) - "°“ C ‘ th - Plotting 

Points a, b c ^ 

-• >■* Z'Z iZZ '~ - ... 

_“■■■ i"~ ■ “ — ■ ...... — - 

TOuei such as k » 

m ’ -»■ •! 11 
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s 

-L^ 


be seen higher than the level of tne plotting board, while point d will be lower 
than this plane (or the contour images of the ngnt and left print of this point 
will appear separated). 

hhile in posi t ion 1 all the points plotted on the photographs, such as contour 
lines ana horizontals lying in the intersection plane with the plotting board, i.e. , 

coinciding with this board, plott- 

/ -«U- -*L- Ns in K board. These will be points 

/ 1 7 »l Ti 7 x \ on the stereo node! located in the 

a' y Ak "i 

«- yTr Jte — /N v / sa “ c hon zontal plane at equal 

, ✓ V r T 7/ r — i — 

9 ' M 11 [ ' 9 ‘ ff elevations. For transferring the 

n h ^ contours and horizontals located 

a ^ jl Jj different elevations, e.g. , 

\y / g ^ points k, n , n the elevation of 

15 ~ ^ the carrier 4 la changed until 

S J?**' iff' / \ , these points cc* cide in elevation 

\ *~. c rr 

plane of tbe plotting 
board (position II, points k' f ■' , 

Fig. 1TP - Measuring the Model with the 

Stereoscopic Plotter a »«thod suitable for stereo- 

scopy. Having achieveo coinci- 

oence, the contours ana non zontal s for this new elevation of the stere , mooel are 
plotted ana transferrea to the plotting boaro. 

However, if in establishing each position ot tne stereo model, only those 
points are transferrea wh,ch He str.cn ,n tne plan, ..f the p.ott.ns boon. ex- 
cessive number ol adjustments would be reju.reo lor completing the entire mooel. 

This would render the process very copies. Consequently, transler of points „ 

•ade not onty for the points on the stereo mooel that intersect geometrically with 
the plane of the plotting board but also for points lying the vicinity of tne 

plotting bo.ro and having small values ot h. above the leve. of tne bo.ro w„i c h 


Fig. 1TP - Measuring the Model with the 
stereoscopic Plotter 
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^ ~ F T “ e - aijri trar, points are selected s U ch a 

.ay that their error would not exceea Lne speclfled u . it of roap ^ ^ 

-»y. for each position of the stereo moat-1 (I H etc > r h. 

’ ll> etc - > Lhe approximate height in- 

terval 2h is transferred to the plotting hoard (Fi B .178>. which gives an approximate 

»tri p Of the stereo .model. Since transition fro. one elevation to another ,s very 

simple with this instrument. caution must he -xercised not to e . 

rcised not to enlarge the height in- 

terval 2h ana thus to introduce excessive errors By keeoinw mss 

cy keeping the height interval 

smaller than permitted, the accuracy of the over-all plan is increased. 

If the relief is drawn in directly hy means of the stereoscopic plotter, while 
only the results of photographic interprets. on are entered on the print., then the 
model can he developed under the ..suction that the positions of the traces on 
the plotting bo.ro would corre.pond to tho.e of the horixontals. Then the line, 
denoting the point, of the model which coincide ex.ctfy with the plane of the plott- 
ing hoard can he considered the contours, which will he urawn into the map S ,mu, 
taneously , the outline, lying within the acceptable ^ ^ 


drawn in. 


The required elevation of the sectional area, in graduations of the vertical 
circle 2. can he determined from the elevation reference points. Let us assume thst 
<he geodetic efev.tion of the points a and K fig. 17 « > is known. After supers- 
k po a Of the stereo model on the pi«ne of the plotting board (position I) the 
cfevation of tne axioel is recorued with respect to its height in tne instrument as 
shown hy the graduated scale of the vert.ca, c.rcfe ? (f ,g. ,- n . p olnl , „ 

super imposed on the P.ott.ng Ooaro. ™ a second recording ,s m.oe o, tne new read 

;; ; r r acaic l,v,d,n ‘ th ' - - — — „, s hv 

; bet ’~" lh ' SC ‘ le — S ^ P-r ni.1 graduation for the 

elevations of the stereo modef at the s F ec.f,eo scale ,s obtained. thr 


readings of tf- dial f„ r each of th 


ie two corresponding points ... l„ 

" pumis oi known gecdetic ei< 


— — He value per scale graouat.on the d,a. read.ngs correspond.^ 
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1 


to the sectional contours can be obtained by interpolation (and extrapolation). 

After conpl etion of the plan, the pin pricks are ail connected by lines to for 
contours and horizontals of the sections ot the stereo pairs. The sectional lines 
are also interconnected, as are the stereo pair lines. The work is thoroughly 
checked for completeness and correctness of the orawing. 
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CHAPTER XII 

CONSTRUCTION OF A TliEtfc- CIMENSIONAI MODEL 
Tue L oubl e Projector 

"* "• T “* *■**• , 

< IB. 179). two projection cmcrai 2. and a screen 3 Two .d 

. _ screen J. Two adjacent aerial negar.ves 

.. ........... ... ... ... lh> 

■*— ‘ - rp “‘ ll “ l " *•»«, ...... ..... ... 

P oj.ctor lens to the plane of the positioned negative must be equal to the local 

“ ““ p— - ..... 

coincide with the loot ol this perpendicular. Negative , 1 lu.in.tor, are ,,aced 

^° T ' th ' PrOJ ' Ct, ° n C “ er " Thl » * Photographic mage to be obtained on 

t ' t ; Creen ’ n ‘ e SCretn i ’' CO, " CS lHC ^ a ' > ' - can be brought nearer 

C projection cameras ol moved farther a.a y from then. Each projection camera 
can wove, relative to tue fixed screen 

f CCn al ° nR thr ^ Perpendicular axes, two 

which a i e parallel to the plane . f 

, , P ' ' th " ' CrPen • h “c the th, ro ,s perpend , cu, a, 

J ne p 1 ane . , the scree., In , each projection camera can he inclined 

a on. two axe,. and tn. negati.es, mounteo the cameras, can be rotated in tne.r 
pi anes. 

^ ne '' ,WTe ‘ n ^ Pr °— can ne adjusted relative to the 

W ^ ^ * Ct — — »*’ — c, ..tenor orientation. X,. V 

U1 


L/ 
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w 


I 


whereas now they are directed away from the points on the pnotograph. It is obvious 
that the rays, proceeding from identical points on the two photographs, will in their 
course, intersect at points coincicing with points on the ground. The combination of 
all ol the points of intersection of identical rays forms a surface similar to the 

grounu, which is cal lea the ground 
mooel. Measurements on the ground 
model can, therefore, replace the 
corresponding measurements in the 
field. bince the construction of 
each point of the ground model 
occurs as the result of the inter- 
section of two projecting rays 
emanating from centers of projec- 
tion, this construction can ne 
considered as the intersection 
from the ends of the photographic 
^® sc > which is the distance between 



Fig.lRO - Scale of the Mode 1 

the two centers of projection. 

The constructed model might have the 


same dimensions as the area photographed. 
i.ut the practical reaination of such a construction is mposs.ble by virtue of the 
fact that at the instant of exposure of the aerial photograph. the distances from 
the first center ot projection to ti.e second center of projection ar- equal to sev- 
eral kilometers. For this reason the sire ot the i„ s , (projection base' „n tne 
double projector .... he cons . de. a., 1 > less tnan on the aerial photograph .tseli. 
Hooever. regardless of tms reduction of the photographic base the projecting rays, 
preserving their fonaer erections, .ill intersect. In real, tv if the project. o. 
base U - SpS; <f,g. Ifidl ls equal to the photographic base, the project, ng rass. 


manating from the cu rrespond i ng points a j and a 


ano c v d j anti a 


U* 
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the t»o photographs , «iii intersect at the points A, C, and C, of the model . On re- 
ducing the projection base. .hen the secono center of projection is located at the 
S 2 F- 081110 ". ^e intersection of the projecting rays .ill give the points A,C,, and 
D : of the mooei. From the similarity of the triangles hjS 2 A and SjS^ and 

ll> iolioas that 


3 1 3 2 


S A, 


SJCi 




Mid. accordingly, the triangles SjA^ and f^AC, as .ell a. SJ^C, and S,AC -ill 
also be siaular. Hence. 


s,s; 


a, b. 


1°2 


S,A 


A i C l 
A C 


Since the ratio of the distances AjCj and AC representa the scale of the ar 
. in question, then 


^ 1-2 

S 1 S 2 


AiC, 
A C 


( 99 ) 


It 1 . obvious fro. eq. <9«) that the acale depend, only on the ratio of the projec- 
tion base to the photographic base and is s constant quantity for any distances 
•ensured on the surface of the -odel . Hence the ratio ot the projection base tc 
the pho toprapnic base is called '.he scale of the aoaei . 

ICO. Wasu regent of the Vtode 1 

A Model constructed on a double projector can be Measured. Ibis Measurement 
.is made -ith the aid of a screen, shifted in the direction of the projecting lenses 
.bile maintaining . mutual iv parallel position. *,tn the apparatus in . vertical 
.position, the screen is horizontal ana is moved in elevation for each measurement of 
tue model . 


^44 
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T 


If the screen is located below the point A of intersection of the projecting 
jrs Sj.! and S,a 2 (fig. 181), two images Aj and A, of identical points in the two 
.tographs are obtained on the screen. This indicates tnat the point of the node! 

not 1 ie in the plane of the screen. Conversely, the presence on the screen of a 
gle i~ge C of the corresponding points c, and c, in the two photographs permits 
ing that the intersection of the projecting rays coincides with the plane o. the 

screen. Therefore, the screen of the 
double projector can be regarded as a 
plane cutting the ground model at those 
points which give a single image; a curve 
connecting all points which show up as a 
single image will be a contour line of 
the corresponding section. 

To obtain the plane of another sec- 
tion, the screen must be moved up or 
down. e.g. , to the position E 1 . Then the 
projecting rays Sjaj and S 2 a ? will ahow 
up aa a single image in the plane of the 
screen while the rays SjCj and SeCo will 
two 1-oge. since the point A of the a»del now coincide, with the plene of the 
in.teod of point C of the model. ss in tne first position. Hence the -» u „t 
ich the screen ... displaced vertically is thus equ.l to the elev.tion differ- 
point A above point < , expressed in the scale of tne constructed model. Hus 
id interval , s -cured .1 tn the help of a scale w h i ch register, the vertical 
.t of the screen. It is thus possible to move the screen »p or down oy the 
jit.* of the section ol the hor.iont.l Case and, by marking „„ the screen the 
ion of nil nonco incident points, to draw the contour line o. the corresponding 



Fig. 18 1 - Measurement of the Model 


I-.* It is «uite obvious that the distance between corresponding points on tde 


345 
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P acement of the -t^ » -awn b> the pencll on th . plottlnR ^ 

: r ™ to u ‘ e — — - — - ™ j 

— - (by tornin, t f, Sere. 3,. the ocher points of the ^ _ be 

imposed on the pi ane of tne screen, pen>lttln „ r . . * 

be dr . TO Th * ^ ho "“ nt -‘ »f another section to 

The Mount of vertical Qisplaceaent _ f 

■iilineters- th ? ^ “ r « d ~ ‘h* -U in 

- of the t0 " eterS ^ " UUlPiy * n8 “ ^ — 

— - 

vely superimposed on the e.nous point, of the 
projected contour, which at the uonent „r 

only . , lngle co.ncidin* with the H g ht spot will thro. 

» •< ....... .... 

i; “• •■*’“•“ " - — ....... .. ....... ... 

™. — - - - - - ■■ ~ 

....r::: ~ :::r i • — - — *- ~ 

" Ot,0n “ - tched “V the pencil. Th. is 

"““roo b > «*•■« the Ii gh t .pot coincide with in 

vry,„ B the " r ° Und f °~* -ntinu.llv 

y g the elevation of t ie screen r 

^ Of the 1 i g ht .pot With t ” tr ‘" d by COnt,n “° UI “ tCh - 

s »poc with points on the | B . M , 

r tne laafpe which do not «i 1 «. , 

of the tr.cn, stand at a constant 5l „ atlon . ^ ** 

10 1 - of the fcfad-i 

h • — >• — - ......... 

points and to draw contour 1 tnes acc. 

the top „f lh e t racn g t reC ° rain * tH ' «*"*« *" of 

^ StMa " eleeet.on of the 
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points equal to 1 m, at a mooel scale of 1: 10,000 is expressed as 0. 1 «n wtiich, at 
an angle ol intersection of 45 u . corresponds to a division of 0. 1 n for the mages 
of corresponding points. hence, separation of usages on the top of the tracing 
-tana must be established with a high degree of accuracy. 

Various methods of observation are used to increase the accuracy of measurements 
or. duplicate projectors. The most common of these methods is the anaglyphic method, 
baaed on the property of coapi ementary colors to give off white light when combined. 
Blue-green and red are uaed when working with thia apparatus. 

If a red filter is placed over the lens of the left camera of the duplicate 
projector, the image projected will also be red. An observer viewing thia image 
through a red giaa. will perceive the entire image. At tne same time, if the ob- 
server views the image through a blue-green glass, he will not perceive the image 
since the blue-green gl... will not transmit red rays. Similarly, a blue-green im- 
age projected onto the screen by a blue-green filter can be seen through blue-green 
glass, but not through s red glass. If tuo filters, red on the left and blue-green 
on the right lena. are uaed at the .—e time .no the image, are viewed through a red 
glass over the left eye and a blue-green glass over the right eye, each eye will 
p i e only one inage. Correspondingly, the viewing conditions will be like those 
enconnte red in a stereoscope, witn the observer perceiving . three- uinen.ionnl mage 
of the nre. photogrsphed. This sp.ti.i nodel will be cut by the pine of the screen, 
permitting n considemnly more accurate determination of the moment of coincidence 
of the plane o_ the screen with points on tne model. 

The principle of tne anaglyphic -ethoo of ooservat.on has been widely used in 
cresting spec.l an.gfcpn.c charts ana drawings. In tne case .n question, a sheet 
of paper „ placed on the plane of the screen. The paper carries an image pnnteo 
in red. corresponding to one projection camera, while the secono image is printed in 
green. Since the points of the model located higher or lower than the plane of the 
screen have differing values of separation (homontal parallax ai f ferenti a 1) . all 


i j 
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points on one contour line 

.anagiyphic ch.rts (uniform " ,jr ' Pari "" ^ 

fton zontal parslia* dlff ^‘fer e „c e , which differs from tne 

Parallax differential of other points Tk 

match the red image onl v l “ * ***** printed ln green 

o image only along one contour line and ,nl no, 

Oder contour l.nea. hut ail oiffer hy varying Cities ^ ai ° n|! 

through „ M «i with one green and one red le na. the observer ^ ^ 

- “ 7 “ - ~ - - - ~ — — «. - 

«re used at the s«se tine . " hen both e V«* 

— • relief 2 ^.^^ ^ ^ ^ ^ ^ * 

The o f! “-..ponding portion of the chart. 

The difference bet.een perception of the mage. p „„ted 

th °~ PrOJeCt '° «“«• onto the screen consist. " ^ COl ° r ‘ 

the red fens, »„ the former can • th n *** t “* t U,ro "« 1 ‘ 

observer 

c**e he see. the red i.a* c Thi s diff *"*** *“ th * Aatter 

***• JhxM ***** rence is due to th- f * , 

P— «» only the red ray, of the “** ~ d r 

- - - — - ~ :::: r r ™ fu - - - - 

— the l.sge .. printed on the paper absorb. ( not refZ 7 ^ ^ ^ 

-reo fight snd. during obser.et.on through red gi... C ~ ) 

b ‘ Cfc * r °“ d; “ — » eieueo through green glasa t * lU “ ““ 

from the background. Wears black, .tending out 

"^h. re are metnods other than ,k 

Mauser, those sre not .. ... ** iyt>hlC **** ch " r * *» double projection. 


Hoeeser, those sre not .. wlQ e ly us „ “~ d *“ d °“ b ‘ e P~J-ctioh. 

^ "■ — *• on a duplicate projector tne t 

of viewing 1 S used ■ ’ stereoscopic principles 

— > - ~jrr. nr - r - - 

P»« for each projection cars <*.. ^ C ° lora 

(Jb *er»ition of the r n i„^ 

-reen ecco^f.shed with the help of gfe.sea _ - «- 

complementary colors. le "* eS — *« the ,«.« 

*■» ’.e-.ng *i th both eye. through the el.„ 

a stereoscopic model of the terrs.n cut et e. r 

earious points by the pl „ e of 
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1 


T 


he elevation of this screen is varied. The path cut by the screen through 

a section of tne model is a contour line of 

line oi the corresponding section. 

10 2 ’ Orientation ol the Photographs 

Ihe area »o t . connoted on the oupi.c.te projector co.prtses a u „,t .u, two 
projectroo ca«r.s .no does not depend on the po.ttron ol the ...tr^ent screen 
Hence. sf the two project^ c^ra. are sh. Ited t.»eous iy and lln e.r ly a|„„ g 

cne three a„e. ol the space coord.n.te, or are rotated together .hoot 

the position of the node! relative 
to the plane of the screen will 
change while the intersection of 
the corresponding projecting rsys 
"ill be retained. Thus, a si»ul- 
taneous change m the elements of 
exterior orientation of the two 
cameras changes only the position 
of the aoael relative to the 
screen, while the Model itself re- 
••ina unchanged. The situation is 
difierent in the esse when one of 
the projection caMeras retains its 

of exterior orientation while these eleMents are changeo for the other 

e g., if only the right caMera is rotated about the base hne. the 
protecting rav (Fiz 'c-i 

- - *• "° t i,e ,n “ •>«-«■ the r. y S,a,. 

d»cntl y . these rays I... to antersect, „ ,. lch c . 

case, as we know. no Model of the 

terraiD can be obtained Tk. . . . 

f '*'" t 10 »**« Piscine, of only one 

° the c-er.s (.-dependent of the otner*. except . be „ , wr . , 

F nen a .aaer« is anveo along the 

' “ ne * n * h * Ch C *~ * nl ' ** «.l* U. -.del chsn.es. 



Fig 18 3 - Intersection of Projecting R.». 
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It is clear trom the foregoing that an area model is constructed only when the 
projection cameras, relative Lo each other, occupy the same position as at the in- 
stant of exposure, i.e. when their relative position is maintained. Any disturbance 
in the relative position of the two cameras results in failure of the corresponding 
projecting rays to intersect, so that no model oi the terrain is produced. 

The relative position of the two photographs is determined by the elements of 
relative orientation, which can be represented by various methods. If we imagine 

that the plane passing througn the 
base line and the optical ax*s of 
the left photograph (the so-called 
principal base plane of the left 
photographs) is vertical and coin- 
cident with the XZ plane of the l 

system of apace coordinates, while 
the base line is horizontal, then 
the elements of relative orienta- 
tion are determined by the quant- 
Fig. IR4 - Elements of Relative Orientation lcica 9 : e , X|Ml d / '< Fig. 148 ) - Here 

9 demotes the angle formed in the principal base plane of the left photograph by the 
direction of the optical axis with the base line; 9 ' is the angle formed in the 
principal base plane of the right photograph by the direction of the optical axis 
with the base line, ‘ is the angle between the principal base planes of the two pho- 
tographs; V is the angle fom.ee. in the plane of the left photograph bv the trace ot 
the principal base plane and the direction taken for the xx axis of the photograph, 
and »• the angle formed in the plane of the right photograph by the trace of the 
principal base plane and the direction taken for the x’x* axis of the photogr^h. 


rhus. the elements of relative orientation constitute live quantities, since 
any rotation, tilt, or linear shift ot the base line will not distrub the mtersec- 
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1 


t.on of the correspond™* ray,; at tne sa«e tiue. any change in the elects of rel- 
ative orientation results in failure of the projecting rays to intersect. Actually, 
if a plane (called tne base plane) is draw tnrough any point of the node! and any 
haae line, then any change in the elements of relative orientation -ill cause the 
corresponding projecting rays to he located in different base planes tnat oo not 
coincide. The angle formed by the t-o base planes containing the projecting rays 
from the corresponding points of the t-o photographs is c.Ueo the angular parallax. 
The presence of angvl.r parallax indicate, that the projecting ray. fro* correspond- 
ing points of the t-o photographs do not intersect and do not for. a aodel of ter- 
rain. By setting the screen in the path, of the projecting ray. parallel to the 
haae line, mid by taking the trace of the hue plane as the direction of the xx axis, 
it is ample to note the doubling of projections of corresponding points in the 
direction of the yy axis, perpendicular to the xx axis. This doubling is the result 
of angular parallax and is kno-u as linear or horisontal parallax, u a. ally designated 
by the letter q. Therefore, a. -a. sho-n in Section 81, the angular parallax is 
equal to the difference in the ordinate, of the projection, of corre^nding point, 
of the two poo tog rap ha . i.e. , 


Thus, the presence of linear parallax indicate, that, in the duplicate projec- 
tor. the relative position of the photogrspb. is inaccurately adjusted since, at 
correct adjustment, there can be no linear parallax at any point of the nouei . 

Inaccurately adjusted eleuents ol relative orientation .eao to different values 
in the X-parallax depending on the coordinates of tne corresponding points. For ex- 
■n*le. if. alter correct relative orientation, one of the photograph, is rotated in 
*t. plane through the an*, e the pn«cip« p„,„t of the given photograpa -ill .ho. 
no X-paral 1 as in .,i other points, the X-parallax -il , ne proportion., to their 
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“77 “• ° f 1 ~ *“ .. ........ ............. 

7 ' - “• .< ... ........ .. 

optical axis, ano negi^ lMe rotations of tne photographs in their 

t P ■ ^ rel “ ,onsftlp b — th ' - - — uf ....... 

tion is expressed by* 


xy 


* y 


fv P 




X - 


( 100) 


•' - .■ ... ... ....... ............ 

“ pot-t on the left a„ d on t „e right photograph.. *n<l T and t repre , eBt the 

Q1 "" *" ^ •' «»V — . . x - 90- _ , „ d T - . 90 . _ v 


103 Ele^nt. of R etire Oriental I™. 


S,o« the — of the X-parallax and the current coordinate, of . 

1 P01 " t C “ “ “ “ *~*"» -Uch are the 

“* " i * t ‘ Ve **"'«• - — « U. e.e^t, of relat.ee 

” -« * , and the solution of the 

k ~ the e.iue. of the _ 

“■ ^ “ det *™ lne " rel * tlTe — • «- Po»t. ..thin 

t«t. of the stereo pair Bre .elected ^ ^ 

control ot the solution) and Measured fn- 

^ ~ M ° red f °‘ tB ** r coorainstea and X-p.r.lla X; 

t«e solution of this avit r » „ * 

*° n * W,U V, ' ld the bM,c for adjusting the 

projecting ca«r„ of the duplicate projector. 

U meeting the .mta .hose V,r. U „„ are to b , L _ ___ 

T ^ S ' leCtM -«* — oeter.in.tion o, the elects 

; the *"*" •« — - - elation, oh- 

— ^ — — 3 > - — — - in the ablest 


^trtioa 12? for derivation of the Ration 




a 
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possible for.. Conner,,,* eq.(lOO) fro. these point, of vie., .e c.n ess.lv see 


-here A q is the error of ~s.ure.ent of the Vp.rsll^es. .brie Ax is the error of 
Oeterainstion of sn el«.ent of rel stive onentstion. Hence. 


Eqhstion (10.) .ho., the,, s consent error in the .essurcent of X-p.r.ll.* 
s.^iest effect on the an.ie t st v.iues of the ord.n.te end mb.ci.- 

" of the observed point of the left photo«rsph. Si.U.rly. . ucce „„ eiy 

T ' e * A 1 '/ ' = x * * T * v « v » = n - • - - - c , 

X X U. ‘ ^ x * 0 

r f . . 

T ' T = « ■ X ’ 0 

it is possible to obtnn: 


Conse<.ienti y , ,t . constat error in the 0 , the X . p . rall „ tfce 

" " 0fati,n '° ^ ** o, the ordinate ano 

absciss, of tne otier.ro P„mt or tne r.^ht photograph. the an,,le . at th . , ar||Mt 

-ei-e of the ord.n.te of the observed point; the so.le , st the l.r 8 e.t raise of the 

ehsciss. Of the observed point of the left pbotoqrsph. «d the sn*le , ' .c tne ..... 

absciss. Of the observed point of the r,*ht photo«r.ph. Accordin«- 

detereine the e,e~»ts of rei.t.v. orientation t» the pretest accsr^v, 
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the selected points must be located on the photograph in the rones indicated in 
Fig. 185. This distribution ot the poinis also satisfies the requirement that the 
equations be independent and that their solution be in tne simplest possible Ion,. 

Taking the horizontal parallax difference 
— — > r * ] ol the points as equal to zero (c"*se of 



fiat terrain where when x’ 


- b) we ob- I 


Fi*. 1P5 - Listribution of Points 

for Pelative Orientation 


*ith the indicated values 


tain the following values for the current 
coordinates of the selected points: 

0 l Yl = 0. x[ ^ - b; x 2 b. y 2 - 0; 
xi - 0; x 3 = 0; y 3 = Y 


- b; x 4 - b; y 4 r Y 


b. * 6 - b; y 6 - - y. * 6 


of the current coordinates, the equations of relative 


5 orientation will take the forw»: 
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Subtracting the fifth equation iron tne third and the sixth iron the fourth wiii 


y l eld 


q 3 - q 5 


by 




2 by 


fu 0 


from which 


tq 3 - q s 




<q 4 - > f k 


by 


2 by 


( 104 ) 


The difference in the angles T is the difference in the longitudinal angles oi 
tilt of the two photographs; hence, 


Aa 


(< *4 - <*6 ~ <*3 * «*S )f k 


2 by 


( 10 * 5 ) 


To determine the other unknowns, the third and fifth equations must be added 
ad twice the first equation subtracted from their sun. Then, 


<*3 * <? 5 - 2 <*l 3 * 2 


f 2 * v 2 




f. C 


1 *■ q$ - 2 qj ) f k 


( 106) 


By analogy , aotiing the fourth and tne sixth equations and subtracting t»ic»* the 
second equation iron their sun. we obtain 


<»4 * 2 q 2 


b 1 k 


2 v 2 

T ~T 


356 


L J 
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(< U * ^6 “ 2 c ?2 ) 

T7 2 


( 106 ' ) 


Thus, the angl e e will be obtained twice in two indepenoent processes, consti- 
Luting a check on the correctness of the ■e.sure.ents sno cafeul.tions s-ade. Final- 
ly. the last t«o eleaicnta of relatire orientation are found fro« the first t«o 
equations : 


*2 


( 107) 




(108) 


Thus, the problem o£ determining the eies^nts of relative orientation consists 
in measuring the X-parallax at six points arranged according to a given standard, 
and in calculating the unknown quantities according to eqs.(104) to (108). 

104. Pete rmi nation of the hlements of Relative Orientatio n with a Stereocomparator 

In the solution of a nuaber of photogrammet nc problems, particularly in the 
orientation of photographs on a stereometer, it is first of ail necessary to know 
the elements of relative orientation. These quantities are usually found by solving 
the corresponding equations for the X-paraliax, measured on a stereocoaparator. of a 
standard array of the six points whose coordinates are shown in Table 8. 

To measure the transverse para *_i axes, aoj acei.t negatives are placed on the 
carriers ot the instnuaent, as indicated in Section 83, ana are oriented according 
to the initial direction. Following this, the left reference nark is tnen naoe to 
coincide with the principal point of the left photograph, while the right photo- 
gr<*>h. bv means of the horizontal parallax screw, is placed in a position close to 
r corresponding point of the right photograph at which, uowever. the tmo marks are 


3 C ~ 



Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 




Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 



1 

2 


not yet merged into single floating mark. Then, viewing the photographs with both 
eyes, the observer sees that one mark is displaced relative to the other along the 
yy axis, and corrects this displacement by turning the transverse parallax screw. 

Table R 

Coordinates of Points of the Left Photograph in the Determination 
of the Elements of Relative Orientation 



Then, by turning the horizontal parallax screw, the two marks are made to merge in- 
to a single marker which is set tangent with a point of the model corresponding to 
the principal point of the left photograph. When this coincidence is obtained, 
readings are taken on the x, y, P, and Q scales of the instrument and are recorded 
in the corresponding record. In the same manner, the floating mark is made to 
coinciue with a point of the model corresponding to the principal point of the 
right photograph, and readings are again taken on the scales of the instrument; the 
y- scale reading remains unchanged if the orientation according to the initial 
direction waa carried out correctly. 

To match the floating mark with the third selected point, tne x scale is set 
to the reading taken when the floating mark and tne initial point were aligned, 
while the y scale is set to the former reading, increased by a constant quantity 
(60 or ?0 mm). The point with which the left relerence mark coincides m tnis case 
will he point 3; after the floating mark is matched with it, the readings on the 
P and Q scales can be taken. In an analogous fashion, the floating mark is made to 
coincide with points 4. and 6 of the model, for which definite positions are also 

set. Thus, to match the floating mark with point 4, the reading on scai~ x is set 
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equal to the reading for the second point, and on scale y, a reading equal to the 
reading for the third point. For point c , the x- scale reading is equal to the read- 
mg lor the first point, while the y- scale reading is equal to the reading for the 
first point, reduced by a constant quantity of 60 or 70 nun. For point 6, the x-scale 
reading is equal to the reading for the second point, while the y- scale reading is 
equal to • the reading for the fifth point. Taking the reading Q on the scale of the 
transverse parallax screw for the first (or second) point as the initial reading, 
this value is subtracted from all the reaiaming readings. This will make it possi- 
ble to obtain the cpiantities q for all remaining points and to calculate the ele- 
ments of relative orientation. In the calculation, the quantity b is taken as the 
difference in the x-scale readings while the floating mark is matched with the second 
and first points, whereas the quantity y is a constant by which the readings are 
changed when the floating mark is successively matched with points 3, 4, 5, and 6. 

The arrangement of the record for calculating the elements of relative orienta- 
tion has the form given in the following Table. 


for Determining the Elements of Relative Orientation 
According to Measured Transverse Parallax 

Pair No 1354- 1356; f fc - 68 min; b = 80 mm; y * 70 mm 



erne Parallax 

e Readings 

am 

| 

0 









♦ 15.42 

♦ 14.78 

*• 15. op 

- 15. \2 i 

♦ 14.o? 

0 

- O.M. 

* ' • 

- 0. 30 

"t - 'V V| i 

- Is 

a. ♦ Or - d 

1 1 

! 7 T* 

; - ■• . "5 

- 0. Ofl 

f k 34 3T 

. ~ r - 2 

. 2 by 1 

f k 3438 

: :.v — ^ • 5 

t, ■ 3«f q; ♦ C? 

* 15.77 

**0.35 

°i * W 

- r. is 

1 

2r* 2 
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lO 1 '. Relative Orientation on Luplicate Projector s 

In contrast to the described method, the problem of determining the elements of 
relative orientation is solved in another manner, using duplicate projectors. In 
this case, in place ol analytical determination ol the elements of relative orienta- 
tion, direct relative orientation of the two photos is performed. This task con- 
sists in the elimination of transverse parallax at six selected points by varying 
the spatial position of the photographs, which causes the projecting rays emanating 
from corresponding points to intersect. 

In using this method, adjacent photographs are placed in the projection cameras 
of the instrument ana are illuminated by a light source. Examining the images pro- 
jected on the screen, the observer, by successive elimination of transverse parallax 
at six selected points, effects the proper relative orientation of the photographs. 

To accosf>lish rapid orientation, the 



fig. Ifi6 - Sequence of Relative 
On entat ion 


transverse parallax elimination is 
carried out according to a set pattern 
fFig. lflf). First, the transverse 
parallax is eliminateo near the prin- 
cipal point of the left photograph by 
rotating the right photograph in its 
plane through the angle y ' . and then 
near the principal point of the right 
photograph by rotating the left photo- 


graph through the an*le y. At the third point, the transverse parallax is elimi- 
nated by tilting the right photo at an angle of , at the tilth point by rotating 
the right photograph about the base line through the angle - . at the fourth point by 
tilting the left photograph at an angle of 

Since the transverse parallax at this point is influenced not only by ttie ele- 
ments of relative orientation used lor its elimination, the problem is solved by the 
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i 




method of successive approximation. After eliminating the transverse parallax at 
one of the points, the ooserver .everts to all preceding points, eliminating the new 
transverse parallaxes at these points. This continues until the transverse parallax 
simultaneously disappears at the observed point and it all preceding points, which 
makes it possible to pass to the observation of the next point. To speed up the 

process of orientation, instead of completely eliminating the transverse parallax at 

r f 2 * v 2 

point n, it is increased out with reversed sign, in proportion to the ratio — 

2 y 2 

after which *-he observer again returns to points 1 and 2. 

Thus, relative orientation of the photographs consists in giving them the rel- 
ative position they occupied at the instant of exposure. This relative position is 
determined by five eleaents of relative orientation. Incorrect adjustment even of 
one of these leads to the appearance of transverse parallax, varying at different 
points of the model, snd indicates that the corresponding projecting rays do not in- 
tersect and that there is no ground model formed. The photogr^>hs are oriented rel- 
ative to each other without any geodetic control network, by eliminating the trmaa- 
Ter,e parallax at five points of a stereo pair according to a set pattern, by the 
method of subaecpient approximation. The result of this relative orientation will be 
* ground model, arbitrarily located relative to the screen of the duplicate pro- 
jector. 

106. Exterior Orientation of the %lodel 

The ground model constructed is located (as shown) arbitrarily with reference 
to a geodetic system of coordinates, with whose \Y plane the plane of the screen is 
considered to coincide. The fiantities determining the position of the model rel- 
ative to this system oi coordinates .re called eleaents ol exterior orientation of 
the model . The elements of xterior orientation of the model consist of the three 
space coordinates X^.Y^, Z< (Fig. 187). tne left center of projection; tne scale 
r * tlo — °* the model: the angle A formed by the vertical base plane and XZ plane 
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of the system of space coordinates, the angle 4. between the principal base plane of 
the left photograph ami the vertical base plane; ana the angle ot tilt v' of tne in- 
clination ol the base line relative to the nonxontai ZY plane, measured in the 
principal base plane ot the left photograph. These seven elements ot exterior 

orientation ot the model together with 
the five elements of relative orienta- 
tion, comprise the twelve quantities 
that determine the elements of exterior 
orientation of the two photographs. 

To determine the elements of ex- 
terior orientation of the model, it is 
first necessary to find the non- coll inear 
geodetic coordinates of three points on 
the surface of the model; for two of the 
points all three coordinates mast be 
k^own, while for the third point it is 
sufficient to nsve only the elevation. 

The coordinates for the points sre meas- 



Fig. 187 


Elements of Exterior 
Orientation of the Model 


ured in the system of coordinates of the model which permits finding the elements of 
exterior orientation of the model. 

Actually, the mathematic relationship between the geodetic coordinates of the 
three selected points and their photogramme trie coordinates is expressed by the 
following equations* 


X \ s 

«r 3 * 

* -3 - ' X . r 1. s v ’ - 7 s 1 nv ’ 

p h p h 

'fosV . Y fc r O s» ■ 

! 7 , h r os v ’ - \ p h * 1 n v ’ 'si ; suA 



v v », 

’\.,rosu-< Z. k c o» v ’ 

R - P ■ 

-X ph s inv ’ > s inu] 

c os A* (X ph co*v ' ♦Z^s mv ? ) s inA * 

> 

(109) 


, *»t' Zp k coav' mV 



! 
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ph 


where X g , Y g , and Z g are the geodetic coordinates of a seJected point: X ph> Y ph z 
are the photogrananetr ic coordinates of the sane point. Equations C09) show that 
the unknowns are the seven elements of exterior orientation of the model, while ail 
three geodetic coordinates X, Y, and Z of one point make it possible to derive three 
equations. hence, tc determine tue unknowns , seven equations must be derived, which 
is possible if all three coordinates of two of toe points and the elevation of the 
third point are known. To check the measurements and calculations, all three geo- 
detic coordinates of four points of the model are usually determined. In operating 
with a duplicate projector, the elements of exterior orientation of the model gen- 
erally are not determined; rather the exterior orientation is performed by optico- 
me chan ics 1 or graphic methods . 

In the opt ico -mechanics 1 solution of the problem the observer, as shown in Sec- 
tion 100, uses a tracing table to locate the position of two model points on the 
screen, which all three geodetic coordinates are known and, by varying the elevation 
of the screen, determines their relative vertical intervals as well as the relative 
vertical interval ol rhe third point. Then, by measuring toe distance l between 
two points on the screen and using the equation 






( 110 ) 


it is possible to calculate tne distance between two points on the surface of the 
model, if Ah is tne relative elevation of one point over another, as measured with 
tne tracing table. The expression 
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The geodetic elevations of all three points are then multiplied by tne scale 
ratio - expressed in the scale of the model. Assuming that the geodetic eleva- 
tion, at the scale of the model, of one of the points is equal to the measured ele- 
vation obtained on the tracing stand, it is possible to obtain the genetic eleva- 
tion of the two other points relative to this initial point. Then, if the geodetic 
elevations are set on the scales of taree stands which are then placed over the 
points on the screen, at correct exterior orientation of the model, tne marks on the 
stands will coincide with the corresponding points of the model. At an arbitrary 
position of the model relative to the plane of the screen, the marks of the three 
stands will not coincide with the corresponding points of the model; to make them 
coincide, the two projection cameras are rotated together, relative to the screen, 
about two mutually perpendicular axes. Instead of turning the two cameras relative 
to the fixed screen, it is possible to match the marks of the three stands with the 
points of the model, by rotating the screen with respect to the fixed projection 
c ** er **- After matching the marks of the three stands with the corresponding points 
of the model, the resultant model is considered correctly oriented relative to the 
screen plane, which makes it possible (by a method described in Section 100), to 
construct the ground plan on the scale of the model. For conversion to the required 
the constructed on the duplicate projector is reduced photographically 
or plotted by a pantograph. Naturally, in plotting relief, the readings on the 
scales of the tracing stand are converted to vertical intervals, using the proper 
scale factor. 


The exterior orientation of the model by the graphic method is also carried 
out on the basis of geodetic coordinates of U.ree points of the model. To accom 
plisn this, the pnotogramme tr ic coordinates of all points required for preparing 
the map are measured on the model, including the three control points. The poai 
tion of all selected points is noted cn a sheet of paper placed on the screen of 
the instrument, and their height :n millimeters is read on the scale of the trac 
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ing stand. By comparing, as explained avove, the distance between the points of the 
model with the corresponding ground distance, the scale ratio of the model is deter- 
mined; the denominator is titen used to multiply all photograunetr ic elevations. Tak- 
ing one of tne control points as the datum point, its elevation mark (both geodetic 
and photogr amme t r ic ) is subtracted from tne marks of two other points. Then, if the 

photogramnetr ic and geodetic systems of co- 
ordinates are parallel, the marks for the 
control points will be equal in both sys- 
tems. If they are not equal, one of the 


systems of coordinates must be tilted rel- 
ative to the other system. 

Since it is possible on the basis of 
eq.(109) to write, with a sufficient de- 
gree of accuracy: 

Z g - Z pfc = -X pb siav’ + Y pk >inu (113) 



Fig. 188 - Graphic Determination 

of Corrections in Photogram- 
metric Elevations 


The difference in geodetic and photogranne trie marks will be directly proportional 
to the angles of tilt of the model and to the current coordinates of the points of 
the model. Therefore, knowing these differences for two control points (at the da- 
tum point the difference is equal to zero) , it is possible to find the corresponding 
differences for all reamining points of the mode 1 by linear interpolation of the 
distances between the control points. To this end. rtraight lines connecting the 
control points are drawn on the sheet of paper on which the plan position of the 
points of tl»e model is entered, ami these are linearly int?r{ dated proportional to 
the differences of the geodetic and phot ogranmei r ic marks. 

Let the control point 1 (Fig. ISC) be taken as the datus point for the geodetic 
and photograsmetnc marks, and let the divergence between geodetic and photogram- 
metnc marks at points II and III be *10.7 a and +5.4 a, respectively. By dividing 
the distance I -II into 10.7 parts, «e obtain on the straight line I -II the position 
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of the points where tne divergence between geodetic and pltotogravjpet e ic marks is 1, 

2, 3.. .m. In the same manner, the distance I -I II is divided into 5.4 parts and each 
marked point will indicate a discrepancy in multiples of one meter. If the points 
markeit on I - 1 3 and I III and having identical divergences are joined by straight 
lines, the entire sheet of *aper will be divided into zones corresponding to diver- 
gences for any points on the model. Thus, e.g. , for the point 3, the divergence 
read on the graph is equal to +2.3 m, so tnat its geodetic mark will be equal to tne 
photogrammetr ic mark plus the read -off correction. This construction makes it pos- 
sible to determine the marks of all points of the model in t tie geodetic system of 
coordinates . 

Thus , the exterior orientation of the model consists in a determination of 
seven unknown quantities which can be found on the basis of the geodetic coordinates 
of three points of the model, two of which have all three coordinates given while 
the third has only the elevation. All three geodetic coordinates of two points are 
needed to determine the scale of the model, which is found as the relationship of 
segments on the mode 1 surface and on the ground. 

Instead of determining the elements of exterior orientation of the model, ex- 
terior orientation is accomplished by tilting both projection cameras (or the 
screen) until the control points coincide with corresponding points of tne model. 

The spatial position of the control points is fixed by the tracing stands adjusted 
in accordance with the geodetic elevation mark of the scale of the model. After ex- 
terior orientation of tite model, it is measured and tne ground plan is constructed. 
When densifying the topographic elevation control network by means of duplicate pro- 
jectors, the exterior orientation of the mode 1 is often replaced by graphic appli- 
cation of corrections to tne reference marks of points of tl.e model, obtained bv 
linear interpolation of the differences in geodetic marks and reference marks of the 
si points for three control points. 


366 
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107. The Lind istorted Model Method 


Fnotogr amine trie deas if ication of tae geodetic elevation net can also be accom- 
plished by the undistorted model method, proposed by G. V. Romanovs kiy and M.O. Konshin. 
This method permits the determination of elevaoxon reference marks of photographed 
points by linear interpolation of the errors in vertical intervals obtained for three 
points with geodetic elevation marks. 

As shown in Section 76, a correction for the horizontal parallax difference at 
cnanges in the elements of exterior orientation is expressed by the relation 


6p = 


T k ( 3H *7T T *J * 77 { 1 *7^ 

* 7 (*>- ** ) 


(50) 


An error in the horizontal parallax difference leads to errors in the vertical 
intervals being determined; these errors will have a non-linear relation with the 
car rent coordinates of the observed points. This fact makes it impossible to per - 
form a linear interpolation of tue variation in horizontal parallax difference or 
vertical interval errors. The nonlinear character of the errors is due to the ef- 
fect of t.“ie second and third term of eq.(50), so that linear interpolation becomes 
possible if the effect of these terms is eliminated. 

The second and third terms in eq.(50) are the result of relative longitudinal 
and relative lateral angles of tilt of tne photographs which affect not only the 
variation in horizontal parallax difference, but also the magnitude of traverse par- 
allax, expressed by the equation 


xy 

ii.P 


x v 


f.O 


( 100 ) 


Go the basis of Fig.lC9. it is possible to e>tabl isn tne following relation be - 
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tween the angle 


r ’ T ’ ' r * 2 and V ’ wtiere v 13 the angle of tilt of the base 


y 180* -q> . M8«® _ <p * ) 


Q< - ° - x* * 90® 


<p’ = v ♦ or,® _ a 


- T' + 90® 


Hence, noting that sinv 


h2 - Hj 


"g lt 13 possible to write: 


B P * 1 *,‘ V 


When the photograph. ere accurately oriented alon* the initial radial, the 
tr.n.yerae parallax at the f.r.t and aecond pent. i. equal to xero; hence. for 
these points (xj = yj - 0; x 2 = *b; y 2 = 0) 


‘kb, f k b 

— C ♦ - /’ - 0; ♦ ~ c ♦ - ; V . o 

3 p o o k 


In addition, on the baaia of Fi*. 190, e * ( „, . w, ) . 

Subatitutin* all expreaaiona obtained in eq.(100) and ...u.inff that 


in* that x • x - b. 


- _2L T . T . _ by f k y i 

*h® ' 7^ C * 

* * , b xv 

F * * ‘ 7^ l »., - 


hv \H hv 

fwB " T~ 


«1 ■ it ( “i “ 


An «.ly„a of eqa.(50) aid (114) indicate, that they h.xe «ch in co«n due 
to the coincidence of aexer.l ter« .hen the tr.na.erae parallax i, «ilti P lied by 


1 
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the ratio x : y. In this case, 


q* 

y 


f k P 


(a - a ) - 


6H-±_ a 

ffcP 


xy 

TT (U ' ~ 


A a uraa t ion of eqs.(50) and (115) yields 

c . qx bx 

~ 6 P + - a 


Y , b 

7 <x ,-x 2 


( 115 ) 


( 116 ) 


-hich correspond, to a change in the expre.aion <-6p * ^ directly proportional 
to the change in the coordinate, of the errant points. ’ These theoretical con.ider- 
ation. for. the bnni. for the undi.torted .odel nethod since they lend to an ex- 
pre..io.. connected by a linear relation with the coordinate, of the current point.. 




F i ft . IRQ 


Relation of Lon «ri tu d i n a 1 ingles 
Tilt and Difference m Flight 
A1 t i tu de 


Fn . I '»(; 


Relation of Longi* 
tu d in al Angles of 

Tilt 


For thi, reason. , f. at certa.n points on a stereo pair the horwont.l paral- 
lax d.fference A'p and the transverse parallax are -e.sured ami ,f the latter, mil- 
tiplied by the coeffi cent x v the case of transverse parallax, ls subtracted 
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fro- the former, then the resultant eapression will h 


ave only linear distortions, 


Ap ^ 5 p - 


- V / v b 

7 *1 ”X 2 ♦ — 


Hie eler.tion of point, delated according to V'p 


h" - H P _ HA" P H 

' b * A"p b f Ap ' 


H r b 


r,o ’■! ' l ( X 1 “ ‘ ) j - h - , 


' “ " r ° r p >" «•' cc w 

'■ ,h “ «■» 6 K ... 

- PW.,_, tic ..H,. 

“* - W‘~llT « d» tk . „ d . 

CM* M. u 

.'.c,,., .CM from U» „ f lh . 

It model, the election, for the.e point. can e ..ily be obt.ined in the geodetic 
systea of coordinates. 

eolution of tbta problem is simplified by the f . ct t „. t t „ e r . tif> of the 

tr„.w.r.e p.r.l 1„ to the ordtn.te. .l.o ba. a 1 i„ e . r relation with the current co- 
ordinates of the mode, points: accordingly, bno.ing the ratio „ v f or three points 

O the ~del. .t ,S possible to obtain the corresponding ratio for all remaining 
points, again by linear interpolation. 

■n»e practical solution of thi. problem is as follows: Let (Fig. ) three 
potot. „d 1,1 located „th,n the W.it. of a .tereo pair bare geodetic ele- 

^""•-^-ted^e the e.e.ationa for points 1. 2 . 3 ...„ „f the -ode,. F „ r 


LJ 
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Calculation of Elevation by the Undistorted Model Method 


Pair No. 

11 - 2100 •; b - 70 am 
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thr " POintS ' b ' ‘ nd C « -hxch the ordinates and traverse 

P srall„es are measured. These points are so selected that they are located close to 

thC COr " eri ° f the ^ re ° Pair a " d — «th ®el 1 -Marked contours, thus ensuring 
■ ^ " accurate measurement of transverse parallax. The 

» •* photograph is placed on the carrier of a stereo- 

j ° coaptrator and oriented according to the initial 

* * radial. After this, at points I, II, m, j 2f 

* 1 ‘ 3,...k the horizontal parallax differences and 

*• 1»1 - Selection of PoiBt . ““ to the prin- 

in the Undi.torted cipaI P° int ® f the left photograph. The data ob- 
Model Method t.ined recorM in Co luan , 2 3 4 ^ 5 of 

the record <p^371> ; i„ Coin- 2. the x-.c.le reding of the stereoct-p.r.tor i. 
entered and. i„ Coin- *. the reading fro- the ac.le of the horiz-t.l parallax 
ecres. The reading, on the x-.c.le sod - the horizontal parallax scree, oht.tned 

350 950 K&Q nso 125J 


Model Method 


L Mi ll 

-0 0035 J 

Fig. 192 - Graphic Interpolation of the Ratio q : 
during the reduction to the principal point of the left photograph, 
fro- all re—ining reading., — d the differences are entered in Col, 


•re subtracted 
■“* 3 and 5. At 
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the points a, b, and c of the model, the transverse parallaxes and ordinates are mea- 
sured relative to the principal point of the left photograph and the results are en- 
tered in Columns 6 and 8, while the differences in -eadings for all points and the 
reading at the principal point are entered in Columns 7 and 9. Column 10 is to give 
the ratio of the transverse parallax to the ordinate, plotted on the tracing (Fig. 
192), which is a copy of the location of ail points on the left phot->gr«f>h. The 

points a,b, and c are connected by straight 
lines , and the radials ab and ac are in- 
terpolated proportionally to the differ- 



ences of the ratio q : y for the terminal 


points of these radials, noting on the 


Fia. 193 


Graphic Determination of 
Corrections for Photo- 
grmetric Elevations 


plotting paper the points at which the ra- 
tio ia equal to -0.00853, -0. 00974, etc. 
Connecting the points of the radials ab 
and ac with points of the s«ae ratio by 
straight lines, yields an interpolation 
graph which peraita finding the q : y ratio 
for all reaMining points of the Model . 

ratios are then entered in Co loan 10. 

In Column 11, the product of the resultant ratio and the abscissa is entered, sad 
this is subtracted from the meaaured horiiontal parallax difference Ap to give the 
data (A"p) to be entered in Column 12. From the m^aitude of A"p the elev.t.oa. 
of the model points are calculated and entered in Column 13. For three points of 
the model having geodetic elevations, these data are entered in Coluaai 16 and. taking 
one of these points as the datum, their geodetic elevation differ mces are entered 
in Column 15. The difference between the geodetic and photogrammetrie elevation 
difference „ entered in Column 14. and these d.t. are used to con.truct a second 
interpolation graph of the elevation errors (Fig. 1931, analogous to the first graph. 


L 
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From the interpolation, the different h— 

elevation of all re. ***” C * eodctlc and pkoto*raw«etric 

1 a11 rc *«amg points (Column U) ^ 

the data in O.iu* 13 to glve the el 0btalDe<1 - " hlCh « ^o. 

(Cl— 15 , B dd 1 10 „ S * n thB * e0d * tlC coordinate* 

I 5 *' B ’ * dd »"S these elevation differences to rh . 
point .ill L t0 the ele »*tion of the data. 

, • h - u - - - — - - -■ - - — ...... - 

■ ~,7 rr r:r - - •— *- - ■— - - — .. 

of Prominent ground relief. This fact h 

the usefulness of the undi.torted node! «thod ^ ^ 

•ith kno« geodetic elections. .implicit, of ^ t ” 

curacy are the h operatrona, and a high degree of ac- 

T -r * th * b -‘' “d™ Cages of this aethod. 

10B - * ic °f « Sterol ■„ [T - r . 

- Tzzrz: it: - -* ■■ - - - — 

-Plicate projector,. Li he all tiTdnp , ^ dl " er ’ fr °" ^ a ‘ ,W - de ~ ri ‘~ 1 tr— -f 

duplicate projectors, the aterpmU 
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aark* is increased, this will correspond to a shortening of the projection base 

for this reason, can be aade equal to zero (if the distance betueen the aarks 
equals the distance betueen the centers of projection), or can eren asaune a nega- 
t»»e ralue. By analogy, if the right nark is raised, the right projection center 
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trace a sap of horizontal contour lines on the plotting board, which is placed on a 
special table. For convenience, the scale of the plan to be drawn can be varied 
within sufficiently wide limits, making it possible to construct this plan to the 
specified scale. After processing the first stereo pair, the second photograph 
may be left in the projection caaera and the first photograph replaced by a third, 
after which the previous processing is repeated. However, in this case, the projec- 
tion base most have a negative value and the viewing system for viewing the stereo 
model with a direct stero effect should have the line of sight so set that the sec- 
ond photograph is viewed with the sane eye that had viewed the first, while the 
third photograph is viewed with the eye that had viewed the second. 

109. The Principle of Spatial Pho tot ri angulation 

For exterior orientation of the constructed model, the geodetic coordinates of 
three points must be known within the limits of each model; these give basic values 
for much of geodetic field operations. The shortening of this base is possible if 
the photogrammetric method of spatial phototri angulation is used. This method is 
designed for densi fication of the basic elevation control network. 

Let (Fig. 195) S|^ 2 ^ 3^4 ^ the centers of projection of four adjacent photo- 
graphs hawing an end lap of 60%, from which the points 1,2,3 of the terrain are rep- 
resented simultaneously on the first three photographs, and 4,5, and 6 are depicted 
on the second, third, and fourth photographs. If the first two photographs are 
placed in the projection cameras of the duplicate projector and mutually oriented, 
then the coordinates of points 1.2. and 3 of the first model will be obtained. re 1 a- 
tive to its system of coordinates, the position of the two centers of projection 
(bj and Sj) are determined in this system of coordinates. In this way, after rela- 
tive orientation of the second and third photographs, the position of points S 2 , 1, 
2, and 3 can be determined, but this tiae in the system of coordinates of the second 
model. If the distance bj - 1 m the second model is divided by the corresponding 
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distance S 2 - 1 measured on the first model, the resultant ratio will indicate the 
scale of the second model relative to the first, permitting a conversion of the coor- 
dinates of all points of the second model into the scale of the first model. 

Then, assigning values obtained from the first model to the coordinates of the 




Fig. 195 - Schematic Diagram of a Spatial Photo tr i an gul atioa Grid 


points Sj of the second model and changing the coordinates of all remaining points 
to the second model by the same T iantity f a comon origin of coordinates for both 
■odels is obtained. The difference in elevation reference narks of points 1,2,3 of 
the first and second model indicates their different angular orientation. Hence, by 
rotating the second model relative to the three axes of the space coordinate, it is 
possible to bring about equality of the coordinates of points 1,2,3 of the second 
■odel with the first model. As a result of these operations, the second Model will 
have the same spatial orientation and the same scale as the first. Subsequently. a 
third node! consisting of the third and fourth photographs and having the points 


S 3 , 4.5, and 6 in couMon with the second Model nav be connected m the s 


aa*e manner 


U. 
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Continuing as before, it is possible to obtain a single spatial model of the entire 
flight strip, consisting of a series of models having the same position in space. For 
this reason, knowing the geodetic coordinates of three non-col 1 inear points lying 
along this strip, its exterior orientation can be carried out in accordance with the 
method given in Section 106. In this case, the extent of the basic geodetic grid is 
determined by the length of the flight scrip which makes up a single spatial photo* 
triangulation net. 

The development of spatial phototri angulation series is carried out by analyti- 
cal or opticr mechanical methods. Of the analyticsl methods, the differential meth- 
od of spatial phototri angulation developed by the Central Scientific Research In- 
stitute of Geodesy, Aerial Photography, and Cartography is much used at present. 

In this method, the elements of relative orientation of all adjacent photo- 
graphs are determined by measuring the transverse parallax on the stereocompi.rator , 
followed by analyticsl computations from eqs.(104) - (108). Usirg as the original 
angles of tilt of the first photograph those determined from relative orientation of 
the first stereo pair, the relative longitudinal and lateral angles are added to 
them, obtaining thus the angles of tilt for all photos, relative to the initial. 

This calculation is done according to the equations: 



where i x and w- are the longitudinal and lateral angles of tilt of any photograph; 
at^ and «» 0 are the longitudinal and lateral angles of tilt of the original first 
photograph, and and e are the relative longitudinal and lateral angles of tilt. 

Likewise, the equation 


- Bv (120) 

yields the vertical interval of any center of projection relative to the preceding 



Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 




Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 



one, where v is the inclination of the base line. 

The elements of exterior orientation of all photographs relative to the original 
are called arbitrary or conditional elements of exterior orientation since they de- 
termine the position of all photographs relative to a single plr-e, accepted condi- 
tionally as horizontal. Presence of the conditional elements of exterior orienta- 
tion permits determining the position of conditional nadir points according to 


Ax - f. 


Ay * tan 


J 


( 121 ) 


where Ax and Ay are the distance of the conditional nadir point (foot of the perpen- 
dicular dropped from the center of projection to a plane conditionally accepted as 
horizontal) from the principal point of the photograph. If the conditional nadir 
point is taken as the apex of radials in the plane of the photograph, theae radials 
will contain no errors caused by ground relief. For this reason, in carrying out 
the densi fication of a horizontal phototriangulation control grid in mountainous re- 
gions, the radial center is always taken as the same arbitrary or conditional nadir 
point for which, in such regiond, the elements of relative orientation of the photo* 
graphs must be taken prior to such densi fication. 

After determining, in this way, the eleawnts of exterior orientation of all 
photographs with respect to a single common datum plane, and measuring the horizon- 
tal parallaxes of points located in the zone of triple overlap, the corrections for 
^hem may be calculated by the following formula: 


* 2 


* l v i 


*2 y 2 


( 122 ) 


co obtain the horizontal parallaxes corrected with respect to the swae datum plane. 
By calculating the elevation differences from the corrected horizontal parallaxes, 
the photogramme trie elevation readings are found for all points with respect to the 


3S0 


L/ 
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f. 


( - 


1 


datU " Pl “ e: COB,Parin8 three ° f P*>otogr.-etr,c readings .,th the geodettc da- 

ta and using graphic exterror orrentatron. it „ possrble to conxert to the geodetic 
elevation readings. 

“* • ''■»*>. M- proeedur. i. ™.... 

f..d, .. ... .... ... ..... ........ ... 

“ ... m*. ... ... b ... , 1m ^ 

* ro * the relation 


AH £ p 


(123) 


-hich pcr.,t, us to find the longttudin.l angle of tilt of the photograph fro. 


T ' 


(124) 


The lateral angle of tilt of the photograph i. determined in the ,— „. y .. in 
the previous case. 

1Ki * ” lati ° n ° f ““ P ™ bl “ longitudinal angle. tilt of the 

photographs to be found independently of one another. r„ contrast to the .ethod uaed 
-hen no at.to.cope reading, .re available. The .ndepend.nt deter.ta.tion of the.. 

“**'* * COn * ,dCr * b ^ ■*— ' .ecu— 1 at ion of error, in the .p.ti.l phototri- 

angulation grid dun the n-ber of -del. const, tut, ng the -del of the flight .trip 
IS large. 

If the altitude readtng, of the principal point, of photograph. are hnoan 
•n Seance, the degree of graph.c.l exterior orrent.t.on „ c.rr.ed out separately 
for each co^onent of the -del. In th.a ca.e there „ be no accu-l.t.on of er- 
rors at all the -p.t.al photot r, aneul at ,on gr.d along the fl.ght strrp. 

1 10. The Multipl ex 

For constructing a specx.I phototr,..g„I.t,„„ g r ,d by opt,co--ch,n.c.l 
-thod. a ,pec,al ,n. tru-nt the .ult.plex has been des.gned. It cona.at. 


381 
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of a series of projecting cameras operating on the same principle as the duplicate 
projector. The multiplex (Fig. 196) consists of the base 1, carrying two vertical 
standards 2. Turning the hand wheel 3 will rotate the carrier bar 4, which repre- 
sents the XX axis of the instrument, about the uprights 2. On the carrier bar 4 six 
to eight supporting coluams 5, bearing the projecting cameras 6, are mounted. Each 
support 5 consists of two cross-tracks , perpendicular to the bar 4; spindles about 

a- A / VwSSlf.-. ... - i. v> 



Fig. 196 - Tka Multiples 


which the projecting cmsera* can be rotated are attached to the movable portion of 
the support. The cross-tracks of the support represent the YY and ZZ axes of the 
instrument; amt ion along these tracks, together with a displacement of the support 
along the carrier bar 4, allows each center of projection to be properly positioned 
with respect to the selected system of space coordinates. Angular orientation of 
the projecting cmeru is obtained by rotating them about spindles through the an- 
gles and * as well as about the principal ray through the angle x- The projec- 
tion caaw^ra 6 contains a projecting lens, a pi ate holder carrying the photograph . and 
a light source consisting of an electric bulb and a condenser directing a beam of 


3P2 


« ,J 
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light rays into the projecting lens. 

To reduce the sue of the instruunt and the scale of the -odel constructed fro. 
the original negates, reduced di.positive plates -re prepared fro. original nega- 
tive. and a number of copies -sde. To preserve the respective pos.tion of the pro- 
jecting rays, the preparation of the reduced copies -u.t be acco-pan,ed by a propor- 
tional reduction of the focal length of the projecting era. The focal lengths of 
the projecting esur.s of a -ultiples projector are, therefore, several ti.es 

shorter than the focal length of the upping caurs. 

The iaage of the reduced copies, placed in the projecting caurss. is projected 
onto a single coaMon screen. To increase the accuracy 

§ , of ob.erv.tion, anaglyphic optical filters are used. 

r For this purpose , a .lot is provided in the illuunstor 

of esch projecting curs. into ehich the proper color 
filter is inserted, and the innge i. viewed through 
spectacles whose lenses serve as optical filters. The 
2 aodel so constructed is Measured with the aid of the 

stand 8. equipped with a light spot described in Sect. 


Fig. 197 - Schematic D\m- The reduced copies sre prepared from the negatives 

grw of a Re- 
ducing Printer on a special reducing printer whose diagra 


is given in 


Fig. 159. The iainge of the negative 1, illuminated by 
the light sonree 2. ,s projected through the lens 3 onto the plsne 4, on which . 
dispositive piste is plsced. The distances fro. the negative to the lens snd fro. 
the lens to the luge. are adjusted according to the focal lengths of the projecting 
, nd Mapping c auras. Thus. e.g.. st . foc.l length of 25 - for the projecting 
caure end 100 u for the upping caurs. the scale ratio would equal 4, in accord- 
ance with which the proper distsnee, sre set on the reducer, i.e.. the distance fro. 
the negative to the lens ust be four tiu. the distsnee fro. the lens to the d.s- 
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posits plate. Obvioisly, at such a reduction. the focal length of the reducer le„. 
-ust be computed according to the equation for optical conjugation: 


where d t is the distance fro® the negative to the lens, d 2 the distance fro® the 

lens to the di.po.itive plate, and f ob the focal length of the lens of the reducing 
printer. 

In the example given, d, . 4d 2 and, therefore, 


d 2 - T r -. 

*hen the reduced copie. are finiahed. they are placed in the projecting c— 
era. of the -ultiplex, eith their principal points ..tched with the corre.ponding 
fiducial «ark. on the plate holder or -ith a apeci.l centering lena. and the i.ege 
i. projected on the acreen of the stand, located on the acreen of the multiplex it- 
aelf. Viewing the projected mages, the observer el mi nates the transvers paral- 
laxes to obtain relative orientation of the photograph. (Sect. 105) while the inter- 
section of the corresponding projecting rays form, a model of the terrain. Select- 
ing three points of this model, located in the ;oik of triple end lap. the observer 
matches the light spots of the three stands with these points. 

Passing to the second pair, the light is turned off in the first projecting 
camera, and turned on in the third. The second and third photographs are then mu- 
tually oriented. Houever, since during the mutual orientation of the first teo pho- 
tographs, the second occupied the correct position eith respect to the first, the 
position of the second photograph cannot non be changed when it is mutually oriented 
with the third. Therefore, the mutual orientation of the second and third photo- 
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graphs is effected by moving only the third. 

In this case, the transverse parallax at six selected points is eliminated in 
sequence. The transverse parallax at the second point is eliminated by shifting the 
third projector along the Y axis (by a quantity b y ) ; at the first point, by rotating 
it through the angle Ax*, at the third point, by a longitudinal tilt Aa x ; at the 
fifth point, by a longitudinal tilt e; and at the fourth print, by shifting along 
the Z axis (by a quantity b x ). This system of eliminating parallax is based on the 
expression relating transverse parallax to the elements of relative orientation: 


f wP 


Aa - - 


-A* 

p 




*,.P 


(125) 


This equation is derived from eq.(lOO) if we consider 


- b; Aa 


t -T ; — T 
P 


b B ; — X* * b y ; A x 


As a result of the relative orientation, the second pair is given the same spa- 
tial orientation as the first, in view of the fact that the direction from the sec- 
ond center of projection still remains unchanged. To make the scale of the second 
model equal to that of the first, the three points of the first model, marked by the 
stands, must be made to coincide with the corresponding points of the second model. 
This is done by moving the third projector in the direction of the base line until 
the three points of the model so selected coincide with the light spots of the 
stands. All subsequent photographs are oriented in the same way, as a result of 
which the model is given a single scale and a single spatial position. 

The exterior orientation of the constructed model of the flight strip is accom- 
plished with the aid of three stands arranged according to the geodetic coordinates 
of the control points, by the simul taneoua tilting of all the projecting cameras 
about two mutually perpendicular axes (see Sect. 106). This tilting is accomplished 
in the longitudinal direction by tipping the carrier bar and in the lateral direc- 



^ 8 ' 
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T 


tion, by rotating it. Thus, when work on the multiplex is confined merely to the 
densi f ication of a geodetic control net, such exterior orientation cf the model is 

t 

not performed. In this case, after the photographs hare been mutually oriented and 
reduced to the scale of the preceding model, the coordinates of all points of densi- 
fication are measured on the surface of the model by the method described in Sec- 
tion 100. The coordinates so obtained for points selected on each separate model 
will be referred to one system of coordinates and represented on a single scale. The 
scale of the model of the flight strip may then be found and the coordinates of the 
selected points may be determined in the geodetic system of coordinates. 

111. Preparation of a Graphic Plan on the Multiplex 

Besides the photogramme trie dens if ication of an existing geodetic control net 
by the method of spatial pho tot ri angulation, the multiplex is also used for the com- 
pilation of the plan itself. In this case, after successive orientation of all 
photographs with respect to the datum, and reduction of the individual models to a 
common scale, the exterior orientation of the modei of the flight strip is performed 
by the optical -mechanical method. In this way, all the photographs will be brought 
into correspondence with the elements of exterior orientation with respect to the 
plane of the screen. Since, under the conditions of operation, it is advisable to 
place the plane of the screen 2S0 - 300 am from the projecting lenses, this distance 
also determines the approximate scale of the amdel . For instance, in processing 
photographs with a focal length of 70 am, the scale of the model will be approxim- 
ately four times the scale of the photograph, and with a focal distance of 100 mm 
it will be from 2.5 Lo 3 times that scale. 

To compile the graphic plan, a drawing board must be placed on the amltiplex 
screen, onto which a stand with a saall screen is axianted. Iheo thi first two pro- 
jecting cameras, with the anaglyphic optical filters, are illuminated the observer, 
viewing the images thrown on the small screen through anaglyphic spectacles, per - 


3*6 
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ceivcs a spatial model of the photographed terrain. This model will be intersected 
by the plane of the small screen at points having the same elevation readings. By 
shifting the small screen vertically and the stand along the plane of the board, the 
light spot may be directly matched with various points of the photographed contour; 
the pencil of the stand will then trace its motion on the board. In exactly the 
a ame way, knowing the scale of the constructed model, we may pass from readings on 
the scale of the stand to elevatiors on the terrain and, consequently, after estab- 
lishing definite readings on the scale corresponding to the selected sections, we 
may also draw the horizontals on the board. 

After processing the first stereo pair, the light in the first projection cam- 
era is turned off and the third is turned on. Here, while leaving the previous 
light filter in the second projection camera, the position of the lenses in the 
spectacles must be changed, or the inverse stereo effect will be obtained. As a re- 
sult of such processing a horizontal plan will be obtained for all photographed 
areas on the given pictures. It is usually reduced to the assigned scale of the 
plan to be prepared by photographic reproduction or by using a pantograph that can 
be attached to the multiplex. 

112. Photopo 1 ygon ome t ry 


The densi fication of an existing elevation control network by a photogramme - 
tric method can be done not only on a multiplex but also, if necessary, by photo- 
po lygonoam try. At present, this method is widely used for the preparation of topo- 
graphic naps at all scales. 

The method of photopol ygonomet ry comprises two stages: determination of plan 
coordinates of radial centers and determination of the plan position of transforma- 
tion points. The first step is perfo r m e d analytically from measured bases and an- 
gles between the initial radials, and the second stage is then perfo r m ed by graphic 
constructions. 


U, 
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1 

As the radial ct-nters for each aerial photograph, the position of the arbitrary 
nadir points are taken. These are obtained from eq.(12I), after determining the 
eleaents of relative orientation and calculating the arbitrary angles of tilt. The 
position of the arbitrary nadir points is plotted on the photograph with a square- 
grid tracing sheet of the type shown in Fig. 198; each division of the tracing sheet 





.4 

*}'**■ 


F i g . 1 9C - Grid Sheet for Construc- 
tion of the Arbitrary 
Nadir Points 


F i g . 1 9 9 Determination of Coordin- 
ates of the Radial Centers 


corresponds to the arbitrary nadir point for a definite value of the angle of tilt. 
Therefore, by placing the negative on the tracing sheet and orienting it so that the 
initial radial coincides with the horizontal lines, and the principal point coin- 
cides with the intersection of the base lines of the tracing sheet, the position of 
the arbitrary nadir point can be pricked on the negative. 

The ground coordinates of the radial centers are determined analytically by the 
equations * 



* X .-> 

* * X i-l 

* X 1 

* SAX 

T. 

- *..l 

* iV.-l 

- Y, 

- SAY 


(126) 


The values of AX and AY may be obtained from Fig.l?9. Let the origin of coor- 


^88 
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l 


dinates of the traverse -oincide wit'i the first radial center, and let the direction 
of the X\ axis be the first initial radial. Then, the ground coordinates of all ra- 
dial centers will take the following values 


A 2 

AX 


AX, 


1 - Bi; 

2 = B 1 ♦ B 2 cos y 2 ; 

^4 “ ^3 * ^^3 * ®i * ®2 co * Yj * Bj coa 
Y 4 “ Y 3 r “ B 2 * in y 2 * B 3 * in < 

1 ^ A* » - 1 * B 1 * B 2 co » y 2 4 • • • * b b . iCo.(y 2 ♦ r 3 ♦ 
- 1 * Ayr .- I “ B ? «»n Y 2 + • • • * B .- i sin( Y 2 ^ Y 3 ^ 


U = 0 ; 


Y, « Y, 


X. - X 
Y. - Y 


AY 2 * B 2 sin Yi; 
<Yj ♦ rj); 

2 * **>: 

... * r..,) 
* r.-i» 


whence 


AX. 

i 

AY 


B i cos < r 1 ♦ y 2 
B. Bin <Yj ♦ Y 2 


* Y » > 

^ Y. > 


( 127 ) 


Consequent ly , for calculating the increments of coordinates, we amst know the 
values of the bases B and the angles y between the initial radials must be known. 
The values of the bases are determined on the basis of Fig. 200 which shows strictly 
horizontal photographs for the case that all centers of projection are located in a 
single horizontal plane. Since the photographs have a 60% end lap, it follows that 
the contours coinciding with the nadir points of all photographs will be mapped si- 
mul taneously on the three photographs. Then, if Zj, Z 2 , Z 3 , and Z 4 are the height 
of the camera station, p't the distance on the photograph from the nadir point to the 
imag* of the nadir point on the following photograph, while p r denotes the distance 
on the photograph from its nadir point to the image of the nadir point of the pre- 
ceding photograph, we obtain: 
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Z 3 Z 2 

7 ^ * 77 


B .-i - T p -t. 


In this way, if the height of the camera station L is known, then, to determine 


Pi. 





F i g . 2 0 0 Determination of the Photo- 
graphic Base? 


the bases, the distances between 
the nadir points on the photographs 
oust be known, provided that they 
strictly correspond to a horizontal 
position of the photographs and 
that all the centers of projection 
lie in a horizontal plane. 

Accordingly, we must first 
pass from the distance p’ ,s«aaured 
between the nadir points of the 
tilled photograph, to the distance 
p. Since all centers of projection 


lie in a plane insignificantly tilted with respect to the horizontal, the segment p 
can be determined from a straight line parallel to the line Then (Fig. 201), 

the tilt of the optical axis of the camera with respect to the perpendicular to the 
line SjS 2 will be t, if a section of the photographs and the ground is condidered a 
principal base plane containing the radials SjS 2 and SjOj . 

Transition from the distance p’ to the distance p in this -ase will be effected 
by eq. (10) in which it may be assus»d that * * 90*. Then, 


In expression (129), p’ is measured on the photograph, f k is known, and the 


b 


Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 





V ▼ 


Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81 -01 043R001 000030008-5 


anp;le x is obtained by determining the elements of relative orientation, as indicated 
in Section 103. 

113. Construction of a Photopolygononetric Traverse 

Before constructing the photopolygonometric traverse, first the elements of rel- 
ative orientation must be defined (Sect. 103) to obtain the angles i and to calculate 

the position of the arbitrary nadir 

| p | , points (see Sect. 109). In addition, the 

' I n. 

1 position of the center of rotation of 

f f the stereocomparator ^late holder must 

* 2 be determined with high accuracy, since 

!', the angles between the initial radial* 

| * \ are measured instead of being construct- 

f i ed graphically. 

* yjty Then, the photographs are success- 

i J ively placed on the carriers of the 

stereocomparator (or the precision ster- 
eometer with the correction devices ir 

Fig. 20 1 - Determination of the Correc- iero position) and are centered at the 
tion for Horizontal Parallax 

arbitrary nadir points. The photographs 


are oriented along the initial radials by a method analogous to that described in 
Section 82. After the photographs have been oriented, the value of \ is read on 
the scale which fixes the rotation of the carrier in its plane. 

The floating mark of the stereocomparator is then brought into contact with the 
arbitrary nadir point of the right photograph and readings taken on the x scale of 
the instrument and on the scale of the horizontal parallax screw. The sme super- 
position of the floating mark with the arbitrary nadir point of the left photograph 
then allows us to take new readings on the x scale and the scale of the horizontal 


\J 
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parallax screw. Then, the measured value of the base is found fro. the relatit 


P r - aj - . Ap j 

-here x 2 i. the reading on the x scale .hen the floating nark is u.tched with the 
right arbitrary nadir point; x, i. the s„e reading f„ r the left arbitrary nadir 
point; and Ap i, the change in reading on the horizontal parallax acre.. 

After the have been -ade on the first stereo pair, the left, or 

first, photograph i. reeved fro. the stereoc-p.r.tor carrier and the third photo- 
graph substituted for it. The second and third photographs are then turned through 

1*0* 0 "* nted in th * direction. The reading of *• on the scale, fixing 

the rotation of the pl.t, holder in it. plsne. per.it. c .l cnl . ting the „ gle betTCe „ 
the initial redials fro. the equation 


r - x’ - X - ! 80 * (131) 

In the s.~ ..y, the following angles between the initial radial, are deter- 
Mined, together with the Manured values of the bases. 

If the plate holder on the stereoco^iarator cannot be turned through 360* . then 
the angle, between the initial radi.ls are .easured with the aid of auxiliary 
points. In this case (Fig. 202), any two points (not necessarily contour pointslare 
pricked in . direction roughly perpendicular to the direction of the base line. 
Then, after orientation of the first pair along the initial radial and after ..... 
ure^nt of the base, a reading is taken on the scale of the plate holder, which ,, 
then so turned that, when the binocular -icro.cope is displaced along the yy axis, 
the nark will p... trough the two pricked points. A new reading on the scale of 
the plate holder then give, the angle T , between the perpendicular to the initial 
the Auxiliary line as. 

For processing the second pair, both photographs are removed free, the stereo- 
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“7“" ‘ h ' ”“" d U- fi„« photo- 

graph, and the third for the second. 

^ ° rientati “" radial and the loc.t.on of the plate 

plane, until (on sh.ftrng the binocular eicro.cope) the ark pasaea 
through the aaa« pricked points aa, .akea lt pos- 

j Sible t0 “ e ** Ure th ' r 2 . Thi. angle r 2 i, 

-e».-ured between the perpendicular to the new i„i 

'i‘1 radial .nd the auxiliary Une . Inth.tcaae 

the deaired angle r between the xniti.l redial, i 
j \ ' * iren hy the following equation: 


*2 - n 



r ‘" ,0! ■ «> - — .... .. ^ 

ti«l Radial. polygono^etric traverse are calculated fro* « 

T kl reCOFd Wh0 * C is presented in the 

Table given below. 

In thi. record, the fir.t entry .. the deno.rn.tor . of the ac.le retro of the 
Pbwtopolygono^tric tr.wer.e followed hy the foc.l length f„ of the n^rng c _. 

“coV T fOCal U "* th ^ CO " eCted f ° r th * ,TSte “ tiC -I the fi,.. 

t o 7 I"' e " ter " tHe h0rUOntal P "- 1WS - *" * -e correc- 

,nM ” enCe ° f ^ —* - - ■“ S the corrected due of the 

c rT r M “ co,u ” 6 ■“* sh °' the — - 

f ““ ’ te " M “ red bet " en the n-e date per.it c.lcu- 

• tlon of the length of the bases (Colusa, 8 ) the arramth of c 

O), u»e aziMuth of the bases (Column 10) 

the ,ncr««„t. of the coordrn.te, and the a .nd y coordiuatea. 

H..», a coordi natogr apb -aed for plotting. fre their deleted coordrn- 

nt.a, the po.rtron of .1, drrectron.l aerteaea on the plottrng hoerd. wh.ch .a ce- 
«nted to . rigid b.ae (alu-inu. or plywood). 
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Determination of the Position of Transformation Points 

Tne plane position of the transformation points is found graohicslly as a result 
of the intersection of at least two radials produced from the vertexes of the photo- 
polygonometric traverse. For this purpose, the same points are pricked on each 
photograph that were used in constructing the plan phototriangulation network; these 

Record for Calculating the Coordinates of Points of a Photo- 
polygonowetr ic Traverse 

m - 25.000; f k - 68.62 mm; « f k c - 68. 58 mm 



• re then copied on tracing paper on which the radials from the arbitrary nadir point 
are plotted. These wax tracings are placed on the plotting board on which the co- 
ordinates of the photopolygonometric traverse had been plotted, in such a way that 
the radial center of the tracing paper coincides with the given point on the strip, 
while the initial radials pass through the neightoring points of the traverse. The 
independent orientation of each tracing permits a check as to the accuracy of deter- 
mining the coordinates of the traverse vertexes, since there should be no closure 
errors at the tie points. The intersection of the radial lines at the transforma- 
tion points makes it possible to mark their position on the board. 

£>ince the trams format ion points so selected are common to adjacent flight 
strips, the individual flight strips may be tied- in with the aid of these points, in 
which esse such s connection does not require preliminary reduction, in view of the 
fact that all the flight strips are constructed at a single specified scale. The 
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-in advantage of photopolygorometry over other methods of photogran»etric densi f.ca- 
tion of the basic horizontal control net is that each base is independent 1 y deter- 
-ined fro- the previously known flight altitude. For this reason, the cumulation of 
errors in the traverses of . photopolygonometric survey is relatively low. allowing 
considerable reduction in the amount of geodetic field work. 
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